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The Naval Postgraduate School (NPS) was estab-
lished to serve the advanced educational needs of the 
Navy. The broad responsibility of NPS is reflected in 
its stated mission:
To increase the combat effectiveness of commissioned officers 
of the naval service to enhance the security of the United States. 
In support of the foregoing, and to sustain academic excellence, 
fosters and encourages a program of relevant and meritorious 
research which both supports the needs of the Navy and Depart-
ment of Defense (DOD) while building the intellectual capital 
of the Naval Postgraduate School faculty.
To fulfill its mission, the Naval Postgraduate 
School strives to advance innovation in the Navy and 
prepare officers for introducing and employing future 
technologies. The research program at NPS supports 
the mission of graduate education. Research at NPS
• advances knowledge in a wide range of  
  disciplines relevant to DON/DOD; 
• maintains upper-division course content and 
  programs at the cutting edge; 
• provides the opportunity for students to 
  demonstrate independent graduate-level 
  scholarship in their areas of study;
INTRODUCTION
The Naval Postgraduate School is pleased to present the thesis, capstone-project report, 
and dissertation abstracts (hereafter thesis or terminal project) for unclassified research 
completed in June 2015 by the graduating class.
• Civil–Military Relations 
• Combating Terrorism Strategy and Policy
• Defense Decision Making and Planning 
• Homeland Security and Defense 
• Security Studies
• Stabilization and Reconstruction
• National Security and Intelligence, Regional 
  Studies:
- Middle East, South Asia, Sub-Saharan Africa
- Far East, Southeast Asia, the Pacific
- Europe and Eurasia
- Western Hemisphere
School of International Graduate Studies (SIGS)
The unique programs and faculty expertise within SIGS seek to identify and address current and emerging security challenges and 
strengthen multilateral and bilateral defense cooperation between the United States and other nations. Areas of expertise range from 
nuclear nonproliferation to counterterrorism; from the history of war to emerging biological and cyber threats; and from the security 
aspects of political economy to international law. 
ACADEMIC PROGRAMS
MISSION
• challenges students with creative problem 
  solving experiences on DOD-relevant issues; 
• solves warfare problems; and
• attracts and retains quality faculty with 
  state-of-the-art expertise.
To meet its educational requirements, the Navy 
has developed a unique academic institution at NPS 
and via distance learning (DL) through specially tai-
lored academic programs and a distinctive educa-
tional experience tying academic disciplines to naval 
and joint warfighting applications. NPS has aligned 
its education and research programs to achieve three 
major goals: 
1. nationally recognized academic programs that 
support the operations of the Navy and Ma-
rine Corps, our sister services, and our allies; 
2. research programs that focus on the integra-
tion of education and research in support of 
current and emerging national security tech-
nologies and operations; and
3. executive and continuing education programs 
that support sustained intellectual innovation 
and growth throughout an officer’s career.
xiv
Graduate School of Operational and Information Sciences (GSOIS)
• Applied Cyber Operations 
• Computer Science (residential and DL)
• Computing Technology (DL)
• Cyber Systems and Operations
• Cost Estimating and Analysis (DL)
• Electronic Warfare Systems (International)
• Human Systems Integration
• Identity Management and Cyber Security 
  (residential and DL)
• Information Sciences
• Information Systems and Operations
• Information Systems and Technology
• Information Warfare
• Joint C4I Systems
• Joint Information Operations
• Joint Operational Logistics
• Modeling, Virtual Environments, and  
  Simulation 
• Operations Analysis
• Remote Sensing
• Software Engineering (residential and DL)
• Special Operations
• Systems Analysis (DL)
GSOIS delivers graduate-level education and conducts cutting-edge research in four non-traditional knowledge domains responsive 
to U.S. military needs: information science and technolog y, military computer science, military operations analysis and research, 
and special operations and related defense analysis.
• Acquisition and Contract Management
• Advanced Acquisition Program
• Contract Management (DL)
• Defense Business Management
• Defense Systems Analysis
• Defense Systems Management
• Executive MBA (DL)
• Financial Management
• Information Systems Management
• Material Logistics Support
• Manpower Systems Analysis
• Program Management (DL)
• Supply-Chain Management
• Systems Acquisition Management
• Transportation Management
Graduate School of Business and Public Policy (GSBPP)
GSBPP reflects the management side of national defense in support of operational requirements, with programs open to the U.S. 
uniformed services, DOD employees and contractors, federal employees, and international military and government employees. An 
integrated civilian and military faculty focuses on defense organizations, system applications, and instruction supported by extensive 
defense-oriented research. 
Graduate School of Engineering and Applied Sciences (GSEAS)
GSEAS provides advanced education in engineering and applied sciences while developing technological advances with strict ap-
plication to DOD needs, thus setting it apart from civilian graduate schools of engineering. It is focused on preparing the next 
generation of U.S. and international leaders, military and civilian alike, for the uncertainties and challenges of a rapidly changing 
technological world.
• Applied Mathematics
• Combat Systems Sciences and Technology
• Electronic Systems Engineering (residential 
  and DL)
• Mechanical Engineering for Nuclear-trained 
  Officers (DL)






  Engineering (DL)
• Space Systems Engineering
• Space Systems Operations  
  (residential and DL)
• Systems Engineering (residential and DL)
• Systems Engineering Management (DL)
• Undersea Warfare 
• Underwater Acoustic Systems (DL)
Office of the Provost
• Systems Engineering Analysis
The Office of the Provost provides oversight to a specialized degree program that leads to a master of science in systems engineering 
analysis. Students benefit from cross-disciplinary course offerings and research opportunities found in GSEAS systems engineering 
and GSOIS systems and operational analysis curricula.
xv
Independent scholarly work in the form of a dissertation (PhD), thesis (Master’s/Engineer), or capstone proj-
ect is required for most academic programs. Student research projects address issues ranging from the current 
needs of the fleet and joint forces to the science and technology required to sustain long-term superiority of 
the Navy and DOD. Guided by faculty advisors, NPS students represent a vital resource within the DOD for 
addressing war-fighting problems and maintaining cutting-edge expertise, particularly in a time when tech-
nology and information operations are changing rapidly. Naval Postgraduate School alumni think innovatively 
and possess the knowledge and skills to apply nascent technologies in the commercial and military sectors. 
Their firsthand grasp of operations, when combined with challenging projects that require them to apply their 
focused graduate coursework, is one of the most effective elements in solving fleet, joint-force, and regional 
problems. NPS graduate education encourages a lifelong capacity for applying basic principles and creative 
solutions to complex problems. NPS is also unique in its ability to conduct classified research. Classified theses 
are available on the NPS SIPRNet.
STUDENT POPULATION












Figure 1: Total enrollment by student type for spring 2015 
(2,690 total). Source: After NPS Academic Affairs Quarterly 
Enrollment Report, Spring 2015.
The student body consists of U.S. officers from all 
branches of the uniformed services, civilian employ-
ees of the federal government, and international mili-
tary officers and government civilians. The student 




Curricula meet defense requirements within the traditional degree framework through residential or distance-
learning status. All curricula lead to a master of science or art or a master of business administration; ad-
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School of International Graduate
Studies (SIGS)
Graduate School of Operational and
Information Sciences (GSOIS)
Graduate School of Engineering and
Applied Sciences (GSEAS)
Graduate School of Business and
Public Policy (GSBPP)
Figure 2. Distribution of degrees conferred by academic program, June 2015
(unrestricted theses)
The June 2015 graduating class produced 159 unrestricted theses, dissertations, capstones, and final project 
reports as part of the graduation requirement. Figure 2 indicates the distribution of degrees awarded by aca-
demic program..
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ACADEMIC AWARDS ANNOUNCED JUNE 2015
The following listing provides recognition to those students selected by NPS faculty or military associations 
for superior academic achievement. Quite a few departments honor graduating students for the quality and 
contributions made by their theses, dissertations, or capstone reports.
Campus-wide Awards
• Monterey Council Navy League Award for Highest Academic Achievement: LT Garold Munson, 
  USN 
• Marine Corps Association Superior Service Award for Outstanding U.S. Marine Student: Capt 
  Alexander J. Beachy, USMC 
• Association of the United States Army, General Joseph W. Stilwell Chapter, Award for Outstanding 
  Army Student: Sergeant First Class Mark Aschenbrenner, USA 
• Air Force Association Award for Outstanding U.S. Air Force Student: Maj Eric Rabarijoana, USAF  
• Naval Postgraduate School Outstanding Academic Achievement Award for Department of Defense 
  Student: Ms. Kathleen Watson-Keys, Department of the Army Civilian
• Naval Postgraduate School Outstanding Academic Achievement Award for International Students: 
  LTC (GS) Ing. Christoph Hof, German Army 
• Naval Postgraduate School Superior Service Award: LCDR Joseph A. Roberts, USN
• The Gary Laughlin Patriot Award: LT Aaron Steward, USN 
Graduate School of Business and Public Policy (GSBPP)
• The Louis D. Liskin Award for Excellence in Business and Public Policy: CPT Thomas Cayia, USA 
• The Graduate School of Business and Public Policy Faculty Outstanding International Student 
  Award: LT Regis Nogueira, Brazilian Navy and CDR Andreas Baur, Germany 
• RADM Donald R. Eaton Logistics Award for Outstanding Achievement: LT Regis Nogueira, 
  Brazilian Navy and Sqn Ldr Faisal Nadeem, Pakistan Air Force 
• Naval Supply Systems Command Award for Academic Excellence in Management: LCDR Krysten 
  Ellis, USN 
• CDR Philip A. Murphy-Sweet Memorial Award for Excellence in Acquisition: LCDR Krysten Ellis, 
  USN 
• The Army Acquisition Corps Award for Scholastic Achievement: CPT Thomas Cayia, USA; MAJ 
  Jonathan Lipscomb, USA, and Ms. Kathleen Watson-Keys, Department of the Army Civilian 
• Rear Admiral Thomas R. McClellan Award for Academic Excellence in the Graduate School of 
  Business and Public Policy: LT Terry Triplett, USN and LCDR Michael Winters, USN 
• Conrad Scholar Award for Distinguished Academic Achievement in Financial Management: LT 
  Jonathan Pagnucco, USN; Capt Jeremy Forrer, USMC, and LT Matthew Sbarra, USN 
• Department of the Navy Award for Academic Excellence in Financial Management: LT Garold 
  Munson, USN and LCDR Robert Marsh, USN 
Graduate School of Engineering and Applied Sciences (GSEAS)
• Naval Sea Systems Command Award in Naval/Mechanical Engineering: LT Robert Riley, USN 
• The Surface Navy Association’s Award for Excellence in Surface Warfare Research: LT Elizabeth 
  Newbold, USN 
Graduate School of Operational and Information Sciences (GSOIS)
• Military Operations Research Society Stephen A. Tisdale Graduate Research Award: LTC (GS) Ing. 
  Christoph Hof, German Army 
• Army Chief of Staff Award for Excellence in Operations Research: CPT Nathan Parker, USA 
• AFCEA John McReynolds Wozencraft Award for Academic Excellence in Joint C41: LCDR Tahir 
  Asim, Pakistan Navy 
• AFCEA John McReynolds Wozencraft Electrical and Computer Engineering Academic Honor 
  Award: lstLt Murat Dogen, Turkish Air Force 
xix
• Rear Admiral Grace Murray Hopper Computer Science Award: Capt Erik Rye, USMC 
• 2015 Warren Randolph Church Award for Excellence in Mathematics Jr. Member Scholarship 
  Committee: Capt Erik Rye, USMC
School of International Graduate Studies (SIGS)
• The Louis D. Liskin Award for Excellence in Regional Security Studies: LCDR Justin Dragon, USN 
• The Outstanding United States Air Force Graduate Award, Department of National Security 
  Affairs: Maj Eric Rabarijoana, USAF 
• The International Student Award for Excellence in Regional or Security Studies: LTC (GS) Michael 
  Hanisch, German Army 
• The Hans Jones Award for Excellence in Thesis Research in Special Operations and Irregular 
  Warfare or Security, Stabilization, Transition and Reconstruction: MAJ Scott Natter, USA and MAJ 
  Daniel Husek, USA
• Foreign Area Officer Association Award of Excellence: LCDR Justin Dragon, USN 
Institute and Center Awards
• Commander George L. Phillips Modeling, Virtual Environments, and Simulation Award: Capt Scotty 
  Black, USMC
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CAPTURING CHARACTERISTICS OF ATMOSPHERIC REFRACTIVITY 
USING OBSERVATION AND MODELING APPROACHES
Robin Cherrett–Lieutenant Commander, United States Navy
Doctor of Philosophy in Meteorology
Dissertation Supervisor: Qing Wang, Department of Meteorology
Electromagnetic wave propagation is sensitive to gradients of refractivity derived from atmospheric tempera-
ture, humidity, and pressure. It is thus critical to understand the atmospheric conditions leading to the forma-
tion of the gradient layers and explore methods to better represent the gradients in forecast models. This study 
first examines the sensitivity of the surface evaporative ducts to key physical parameters of the atmospheric 
surface layers. This analytical study is followed by analyses of relationships between the ducting/propagation 
variables and air-sea interaction parameters using input from buoy-based measurements in diverse meteoro-
logical conditions. We further explore numerical simulations using a single column model (SCM) forced by 
the three-dimensional Coupled Ocean- Atmosphere Mesoscale Prediction System (COAMPS). This hybrid 
modeling approach leverages the mesoscale model’s strength to provide large-scale forcing while using high 
vertical resolution simulations to capture the strong gradient layers. The SCM approach works effectively for 
the stratocumulus-topped boundary layers. Its performance for the cloud-free cases from Trident Warrior 
2013 was limited due to the complexity of external forcing in coastal regions. A new blending technique is 
developed based on SCM to effectively patch the surface evaporative duct to forecasts from COAMPS with 
consistent model physics throughout the entire atmospheric column.
Keywords: propagation, surface layer, boundary layer, air-sea interaction, flux parameterization, COAMPS, 
single column model
GRAPH-THEORETIC STATISTICAL METHODS FOR DETECTING AND 
LOCALIZING DISTRIBUTIONAL CHANGE IN MULTIVARIATE DATA
Matthew Hawks–Commander, United States Navy
Doctor of Philosophy in Operations Research
Dissertation Supervisor: Robert Koyak, Department of Operations Research
This dissertation explores the topic of detecting and localizing change in a series of multivariate data using 
graph-theoretic statistical criteria. Change-detection methods based on graph theory are emerging due to their 
ability to detect change of a general nature with desirable power properties. The graph-theoretic structures of 
minimum non-bipartite matching and nearest neighbors according to distances between observations form 
the basis of our statistical procedures. We consider the computation time to implement the procedures with 
the detection power of the derived statistics. In a simulation study, we evaluate the power of our proposed 
statistical tests in a series of vignettes in which the sampling distribution, dimensionality, change parameter 
(location or scale), change type (abrupt or gradual), and change magnitude each are allowed to vary. We com-
pare detection power with contemporary parametric and graph-theoretic approaches. Although our tests alone 
do not provide the information needed to localize a change point, we develop a follow-on procedure that satis-
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fies this objective. We illustrate our proposed statistical tests and change-point localization techniques in an 
application, which demonstrates how several of the apparent limitations of our approach can be surmounted.








ANALYSIS OF THE U.S. NAVY OFFICE OF WOMEN’S POLICY FACEBOOK USE
Emily Allert–Lieutenant, United States Navy
Master of Arts in Management
Advisor: Gail Thomas, Graduate School of Business and Public Policy
Second Reader: Kathryn Aten, Graduate School of Business and Public Policy
The use of social media within the workplace as a tool for communication among employees is increasing 
at an astounding rate. The implications for such use, however, are widely unknown. This case study aims to 
increase the understanding of enterprise social media (ESM) and computer-mediated social support (CMSS) 
use within the Department of Defense (DOD) by examining three Facebook (FB) groups developed by the 
Navy’s Office of Women’s Policy (OWP). The research utilizes interviews and data collected from the FB 
groups to identify the purpose, content trends, and availability of social support. The analyses of the inter-
views and FB data are subsequently used to assess the groups’ effectiveness as platforms for ESM and CMSS. 
Results show that the FB groups are an effective resource for CMSS with complementary managerial benefits. 
The study implies that FB groups could be used to provide social support for other military members, espe-
cially those who are considered minority groups. Additionally, a richer understanding of the groups’ strengths 
and weaknesses will allow the OWP to develop a more succinct purpose and strategy for administering these 
FB groups.






LESSONS FROM FUKUSHIMA: RELOCATION AND 
RECOVERY FROM NUCLEAR CATASTROPHE
Gerilee Bennett–Deputy Director, National Disaster Recovery Planning Division, 
Federal Emergency Management Agency
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Thomas Mackin, Center for Homeland Defense and Security
Co-Advisor: Frank Barrett, Graduate School of Business and Public Policy
The Fukushima nuclear plant meltdown offers an unusual opportunity to examine and learn from Japan’s 
experience managing the forced, extended relocation of over 100,000 people. The objective of this study was 
to assess lessons the United States can incorporate into its disaster management plans from Japan’s experience 
managing the relocation of communities due to the widespread contamination from the Fukushima Daiichi 
nuclear plant. Four years after the catastrophe, Fukushima Prefecture estimates 119,000 residents are still 
living in temporary accommodations while remediation work continues in 11 municipalities. This compara-
tive analysis of the Fukushima case approached the challenge of planning for recovery after a nuclear/radio-
logical disaster from the perspective of managers with limited radiation management expertise. It examined 
the progress of recovery in the first four years and the management practices related to the relocation and 
resettlement of the most contaminated Fukushima communities. The primary recommendation is that states 
and communities require guidance and tools to use both to prepare for major radiological incidents and as 
post-incident job aids for managing disaster recovery. Leaders and planners will be able to apply the study’s 
detailed recommendations to enhance efforts to prepare for the intermediate and late-phase recovery from 
radiological disasters.
Keywords: disaster recovery, disaster planning, Fukushima, Great East Japan Earthquake, nuclear, radiologi-
cal, disaster public information, stakeholder engagement, risk communication
THE DEATH AND REVIVAL OF JIHADI IDEOLOGY
Daniel Boring–Lieutenant, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Anne Baylouny, Department of National Security Affairs
Second Reader: Mohammed Hafez, Department of National Security Affairs
Since its inception in 1988, al-Qaeda’s ideological narrative has been a major factor in its ability to mobilize 
resources, gain new recruits, and garner support from the broader Muslim community. In its nearly three 
decades of existence, the global jihadi group has experienced great structural change and periods of social up-
heaval. From the Global War on Terror that weakened the organization’s central leadership to the events of the 
Arab Spring that exposed the unpopularity of the group’s ideological beliefs, al-Qaeda has remained resilient. 
Today, al-Qaeda’s ideology is arguably its most important tool in its struggle against adversaries. This thesis 
analyzes al-Qaeda’s public statements from its birth in Afghanistan to the present and tracks the changes 
in the group’s framing practices. This thesis argues that al-Qaeda’s central leadership has remained relevant 
and ensured its own survival by exploiting new opportunities and adjusting its public messaging campaign 
to accommodate changing strategic environments. The analysis of al-Qaeda’s framing practices is important 
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because the organization remains a major global security threat and its ideology and public messaging has 
contributed to the group’s survival.
Keywords: Al-Qaeda, Al-Qaeda Central, Al-Qaeda in the Arabian Peninsula, Al-Qaeda in the Indian Sub-
continent, Al-Qaeda in Iraq, Arab Spring, Abdullah Azzam, Ayman al-Zawahiri, Osama bin Laden, ideology, 
framing, global jihad, transnational jihad, terrorist network
GERMANY’S OSTPOLITIK IN CRISIS: PRESIDENT PUTIN AND 
CHANCELLOR MERKEL AMID THE UKRAINE CRISIS
This paper has been recognized as outstanding by its department.
Thomas Braun–Lieutenant Colonel, German Air Force
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Michael Tsypkin, Department of National Security Affairs
Co-Advisor: Donald Abenheim, Department of National Security Affairs
The Russian annexation of Crimea in 2014 set off the worst crisis between Russia and the West since the 
1980s. In the wake of this event, a reunified Germany has emerged as the key leader to engage Russia on be-
half of the West. The Crimean episode shattered the 1975 Helsinki foundation for the peaceful inviolability 
of Europe’s existing borders. The shock of the Russian intervention in Ukraine and the Crimean annexation 
destroyed the illusion of the German Ostpolitik since 1969 of perpetual entente with Moscow and challenged 
the European security order. This study examines historic German-Russian relations and Germany’s foreign 
policy, with an emphasis on Germany’s Russia Policy and post-1990 Ostpolitik. The evolution of policy from 
change through rapprochement to change through trade forms a special focus. Caught between an interest-led 
Realpolitik and a value-based Moralpolitik, Germany has changed its Russian statecraft since the Crimean an-
nexation. The thesis examines this German policy transformation and presents its implications for Germany’s 
foreign policy amidst a growing German geopolitical power in Europe.
Keywords: international security, international relations, foreign policy, German foreign policy making, his-
tory of German-Russian relations, Ukraine crisis, Germany, Russia, Ostpolitik
A COMPARATIVE ANALYSIS INTO U.S. MILITARY ABUSES AT THE 
MY LAI MASSACRE AND ABU GHRAIB PRISON SCANDAL
Lisa Carroll–Lieutenant, United States Navy
Master of Arts in Security Studies (Combating Terrorism: Policy and Strategy)
Advisor: Erik Dahl, Department of National Security Affairs
Second Reader: Cristiana Matei, Center for Civil-Military Relations
Incidents of abuse by U.S. service members, even if few and far between, have nearly irreversible impacts on 
the United States, including straining foreign relations, decreasing public support of U.S. policy, and negating 
counterterrorism efforts. A lot of research exists to discover why individuals participate in abuse, but little is 
known why individuals report abuse. This thesis looks at various models and their subcomponent elements 
from four bodies of literature: psychology; terrorist engagement; terrorist disengagement, deradicalization, 
and non-radicalization; and gang involvement, to better understand the disparate behavior between abusers 
and whistleblowers. After extracting applicable elements, a preliminary model to explain the difference be-
tween abusers and whistleblowers is formed, and then tested comparatively against two case studies: the My 
Lai massacre, and the Abu Ghraib prison scandal. The preliminary model is then discarded of elements that 
failed to explain the differences in behavior, leaving a final model. Measures to deter abuse and encourage 
reporting are then derived from this final model, leaving the reader with an enhanced understanding of not 
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just why individuals participate in abuse, but why, under relatively similar conditions, others actively stop or 
report the abuse.
Keywords: My Lai, Abu Ghraib, abuse, terrorism, psychology, gangs, whistleblower
BUILDING A COLLABORATIVE GOVERNANCE SYSTEM: 
A COMPARATIVE CASE ANALYSIS
Jesse Cooper–Information Technology Project Manager, Phoenix Police Department
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Susan Hocevar, Graduate School of Business and Public Policy
Co-Advisor: Gail Thomas, Graduate School of Business and Public Policy
Governance processes in the public sector establish policies and institutionalize procedures for how orga-
nizations work together. Developing and sustaining these governance processes may be difficult. Efforts to 
develop a regional wireless interoperable communications network in the Phoenix metropolitan area resulted 
in a series of successes and failures. This thesis uses a classic case study framework to examine the governance 
development process from 1999 to 2015 among the city of Phoenix, city of Mesa and additional parties. Three 
distinct phases in the governance development process were identified and used to conduct a comparative 
analysis. Seven executives involved in the process were interviewed to provide insight and experience related 
to the governance development process across the three phases. The comparative case analysis illustrates fac-
tors that contributed to the success and failure of the network’s governance. Recommendations are provided 
that other agencies may employ in their own governance development to accelerate the process or avoid poten-
tial pitfalls and achieve successful outcomes more quickly. While the case study focuses on the establishment 
of an interoperable communications system, the principles and examples may apply to other technology or 
homeland security efforts to establish formal cross-jurisdictional governance structures.
Keywords: governance, collaboration, negotiation, conflict management, collaborative capacity, strategic vi-
sion, interoperable communications, bargaining, institutionalization, policy making
ENTROPY AND SELF-ORGANIZATION—AN OPEN SYSTEM APPROACH 
TO THE ORIGINS OF HOMELAND SECURITY THREATS
Thomas Dobson–Immigration Services Analyst II, U.S. Citizenship 
and Immigration Services, Lee’s Summit, Missouri
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Ryan Ellis, Harvard University
Second Reader: Christopher Bellavita, Department of National Security Affairs
This thesis addresses the problem that there is no coherent, unifying paradigm for understanding the origins 
of homeland security threats. In addition, the thesis asks if the concept of disorder as understood in the dy-
namics of open, dissipative systems can provide a way of understanding real-world homeland security threats. 
Ideas from approaches to complex systems based on the idea of dissipative systems were synthesized to create 
a scalable model of a living social system that imports and exports disorder (entropy) via the transfer of matter, 
energy, and information. Then, the idea of a dissipative system that exports disorder to its surroundings as it 
self-organizes was meta-theoretically applied to the processes of self-organization occurring in the world, such 
as technological advance, population growth, economic growth, and globalization, and can be causally linked 
to real-world homeland security threats. One conclusion is that, on a descriptive level, the causes of homeland 
security threats can be modeled as a complex, dissipative system. Another conclusion is that causes of home-
land security threats and the means to counter them often lie in complex social, economic, and environmental 
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processes that are well outside the jurisdiction of Department of Homeland Security and the homeland secu-
rity enterprise, meaning that we should reconsider our approach to homeland security.
Keywords: entropy, self-organization, dissipative system, self-organized criticality, complex systems, origin 
of homeland security threats, asymmetric attack, social entropy theory, living system theory, general system 
theory
PERSONAL PREPAREDNESS IN AMERICA: THE NEEDLE IS BROKEN
Nancy Dragani–Former Executive Director of the Ohio Emergency Management Agency
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Christopher Bellavita, Department of National Security Affairs
Second Reader: Glen Woodbury, Department of National Security Affairs
For decades, emergency managers have strived to educate the American public on how to prepare for disasters. 
Yet many Americans are still not prepared, at least as preparedness is defined by our nation’s emergency man-
agement community. If the standard approach that the emergency management community has used for the 
last several decades is flawed, then the needle might not simply be stuck. It may, along with the entire system, 
be broken. Perhaps the problem is not just with the needle, which is simply measuring action or inaction, but 
with the actions themselves and the messages used to promote them. This thesis explores whether the actions 
individuals are asked to take are reasonable based on identified risk, and practical and sustainable based on 
barriers such as income and lifestyle. In addition, are the crafters of the message cognizant of the importance 
of sense-making on how an individual may choose to act based on the way he or she senses and responds 
to an incident? Recent Federal Emergency Management Agency preparedness surveys and public education 
campaigns address the need for long-term resiliency over simple actions but may not go far enough to affect 
lasting change in behavior.
Keywords: barriers, community, Cynefin, Cynefin framework, disaster, individual, personal, preparedness, 
readiness, ready, recovery, resilience, risk
WESTERN FOREIGN FIGHTERS IN SYRIA: AN EMPIRICAL ANALYSIS 
OF RECRUITMENT AND MOBILIZATION MECHANISMS
Justin Dragon–Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Mohammed Hafez, Department of National Security Affairs
Second Reader: Anne Baylouny, Department of National Security Affairs
Syria has become a beacon for foreign fighters. Estimates in 2015 indicate that over 20,000 men and women 
have gone there to fight for various insurgent groups. This conflict is unique due to the unprecedented number 
of Westerners fighting. The central purpose of this study is to better understand recruitment and mobiliza-
tion mechanisms as they pertain to fighters from Western nations. Why are these men and women leaving the 
relative safety of the West to enter a violent internecine conflict? What will happen if they decide to return 
home? To answer these questions, this thesis constructs 20 Western foreign fighter profiles from open source 
demographic, biographical, and motivational information, and then presents the findings. In particular, three 
variables—networks, anchoring, and group dynamics—are evaluated as critical drivers of recruitment and 
mobilization. The findings of this research show that traditional social networks, such as kinship, occupa-
tional, and religious groups, are most effective at recruiting and mobilizing prospective foreign fighters. Also, 
the data shows anchored individuals rarely mobilize. Furthermore, group dynamics appear critical to the 
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mobilization of foreign fighters into Syria. Finally, the findings do not support social media efficacy in recruit-
ment or mobilization.
Keywords: Islamic extremism, foreign fighters, transnational terrorism, radicalization, Syria, ISIS, Jabhat al-
Nusra
HUMANITARIAN ASSISTANCE AND DISASTER RELIEF POLICIES 
IN THE ASSOCIATION OF SOUTHEAST ASIAN NATIONS
Ryan Easton–Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia and the Pacific)
Advisor: Michael Malley, Department of National Security Affairs
Second Reader: Tristan Mabry, Department of National Security Affairs
In 2004, a 9.1 magnitude earthquake struck off the coast of Aceh, Indonesia, and triggered a tsunami that trav-
eled across the Indian Ocean. In Southeast Asia, Indonesia and Thailand suffered the most destruction. Within 
hours of the tsunami, a massive international relief effort began. However, there was no regional effort made 
by the Association of Southeast Asian Nations (ASEAN). Even though Southeast Asia sees a major portion of 
the world’s natural disasters, ASEAN had no mechanisms in place to lead a regional humanitarian assistance 
and disaster relief (HA/DR) effort. The question arises: How have ASEAN’s HA/DR policies changed since 
2004? This thesis shows that ASEAN’s policy evolved through a three-step process from non-commitment to 
commitment, commitment to institutionalization, and institutionalization to deployment of assets. Case stud-
ies of ASEAN’s responses to the East Timor crisis in 1999, the Indian Ocean tsunami in 2004, Cyclone Nargis 
in 2008, and Typhoon Haiyan in 2013 illustrate the evolution of ASEAN’s HA/DR policy.
Keywords: Southeast Asia, ASEAN, humanitarian, aid, disaster, relief, policies, institutions, typhoons, tsu-
nami, HADR, AHA Centre, ERAT, AADMER
HOMELAND SECURITY: WHAT ARE THE ADVANTAGES AND DISADVANTAGES OF 
DIFFERENT LOCAL HOMELAND SECURITY ORGANIZATIONAL STRUCTURES?
William Fitzpatrick–Lieutenant, Gwinnett County Police Department, Lawrenceville, Georgia
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Paul Smith, Department of National Security Affairs
Co-Advisor: Lauren Fernandez, Center for Homeland Defense and Security
After the attacks of September 11, 2001, and the creation of the federal Department of Homeland Security in 
2002, many local agencies formed their own homeland security entity. Since that time, significant economic 
downturns have resulted in reductions in the amount of homeland security funding available to local jurisdic-
tions. Another issue involves the lack of a common definition of homeland security and what it entails and 
how daily operations are conducted to forward the mission. A jurisdiction wishing to continue to support a 
homeland security entity needs to make sound decisions as it pertains to these issues in an effort to provide 
the greatest service to its communities. This thesis analyzed three homeland security organizational structures 
located within the Metro Atlanta, GA, area to find their advantages and disadvantages using a case study 
method. The analysis for these structures was based on the mission of each structure, as evaluated based 
on the 2014 Quadrennial Homeland Security Report, the mission of the Federal Emergency Management 
Agency, or both if applicable; their operational functions as they pertain to the mission;  and an inspection of 
each jurisdiction’s financial records relating to the overall department budget, homeland security budget, and 
grant monies. Advantages were noted for all structures along with recommendations that included the addi-
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tion of mission-specific experts, the improvement of information sharing, jurisdictional relationships, cyber 
protection, and the proper development of a mission statement.
Keywords: homeland security, emergency management, advantages, disadvantages, all-hazards, terrorism, 
natural disasters, organizational structures, mission, budget, operations
COUNTERING THE RESOURCE CURSE: A COMPARATIVE ANALYSIS 
OF POLITICAL ECONOMY FOR CHILE AND AUSTRALIA
Daniel Ford–Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Naazneen Barma, Department of National Security Affairs
Second Reader: Robert Looney, Department of National Security Affairs
This thesis attempts to explain how advanced economies with large mining sectors, like those of Australia 
and Chile, have managed to avoid the resource curse. Minerals (iron ore and coal) account for over two-thirds 
of Australia’s exports, and minerals (copper) amount to over two-thirds of Chilean exports, as well. Hence, 
Australia and Chile have been labeled as commodity-based economies in the past. There is some validity to 
this claim, as Chile has gained significant fiscal revenues from copper sales, and Australia has experienced a 
mining boom over the past two decades, coupled with the rise of China. This work examines the relationship 
that natural resource mining and governance has to the political economy landscape of both countries. Using 
a historical institutionalist lens, various trends in the political economies of both nations are examined in rela-
tion to resource curse factors, such as developmental indicators, mining-specific policy and rents therefrom, 
and Dutch Disease. This thesis argues that the governments of both countries developed very different means 
to manage commodity market boom and bust cycles. Specifically, Chile has innovated counter-cyclical fiscal 
policies and copper funds, while Australia has pursued a more neutral fiscal policy with little intervention into 
mining by the commonwealth (until recently). The strengths and weaknesses apparent to both governments’ 
management of their mining sectors is explained and compared against resource curse factors. Forecasting is 
also presented to include possible ramifications from recent changes to the political economy of both coun-
tries in light of large downward swings in commodity prices and a slowdown in China.
Keywords: resource curse, political economy, mining, Australia, Chile
GERMAN FOREIGN AND SECURITY POLICY: DETERMINANTS OF 
GERMAN MILITARY ENGAGEMENT IN AFRICA SINCE 2011
Michael Hanisch–Lieutenant Colonel, German Army
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Donald Abenheim, Department of National Security Affairs
Co-Advisor: Carolyn Halladay, Center for Civil-Military Relations
Beginning in 2014, high-level German politicians spoke plainly about a more responsible and more substantial 
German foreign policy—including stronger German (military) contributions and commitments on the Afri-
can continent. In light of these public statements, three years of mixed policy outcomes have raised questions 
about the factors that determine Germany’s decision making on military engagements in Africa (and else-
where) and the extent to which Germany’s engagement in Africa since 2011 corresponds with Berlin’s desire 
to take greater responsibility in matters of global security. Anchored in the case studies of Libya and Mali, this 
thesis argues that within a complex interplay of determinants on three interrelated levels, six factors—strate-
gic approaches (if applicable), multilateral imperatives, the mission framework, cultural and conceptual axi-
oms, domestic politics, and policy-makers—chiefly inform Germany’s decision-making process on whether 
and how German soldiers should be deployed in a certain mission. Based on this matrix of considerations, 
each such participation must be externally required, politically desired and indispensable, militarily affordable 
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and feasible, and domestically justifiable. This thesis concludes that it is exactly the interrelated tenets of em-
powering others, being restrained, and being responsible that drive German foreign and security policy and 
contributed to Germany’s active but modest military engagements in Africa after Libya.
Keywords: Germany, Africa, foreign and security policy, international military engagement, decision-making 
process, explanatory model, levels of influence, external and internal factors, multilateralism, national interest, 
mission framework, domestic politization
THE VULNERABILITY OF U.S. AGRICULTURE TO FOOT AND MOUTH DISEASE
Aaron Jochimsen–Lieutenant, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Erik Dahl, Department of National Security Affairs
Second Reader: Carolyn Halladay, Center for Civil-Military Relations
The U.S. livestock industry represents a critical economic infrastructure, due to its size and influence on na-
tional and international agricultural systems. The high-concentration farming practices that allow the United 
States to be a world leader in agriculture also present a vulnerability to biological pathogens, particularly foot 
and mouth disease (FMD). The purpose of this thesis is to stimulate and broaden the discussion of the U.S. 
livestock industry’s susceptibility to an FMD outbreak, regardless of how it is introduced. It reviews case stud-
ies of prominent outbreaks in the United Kingdom (2001) and Taiwan (1997). The themes that emerged from 
these case studies—responsibility and response—informed a discussion of ways to increase U.S. efficiency 
when responding to an FMD outbreak. The case studies illustrate that FMD outbreaks in thriving livestock 
industries can have devastating economic, social, and political consequences. The United States should ad-
dress these and other international FMD outbreaks to improve the preparedness and resilience of the U.S. 
livestock industry to an outbreak of FMD.
Keywords: FMD, agriculture, biological pathogens, terrorism
RECOMMENDATION FOR A NATIONAL STANDARD FOR 
TACTICAL EMERGENCY CASUALTY CARE AND ISRAELI HOSPITAL 
TRAUMA PROTOCOLS IN THE UNITED STATES
Robert Kierstead–Special Agent in Charge, U.S. Secret Service
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Nadav Morag, Center for Homeland Defense and Security
Co-Advisor: Kathleen Kiernan, Center for Homeland Defense and Security
This research asks the following question: Why are tactical emergency casualty care (TECC) rescue task force 
(RTF) and Israeli hospital trauma programs the best approaches to addressing the current gaps and weak-
nesses in trauma management in the United States in the context of terrorist attacks and/or active shooter 
incidents? The purpose of this thesis is to ascertain why existing tactical emergency medical service protocols 
in most public safety jurisdictions are deficient and to analyze which types of resources jurisdictions need in 
order to ensure that they have optimal programs in place for mass casualty incident response. Active shooter 
and terrorist attacks have been on the rise since the 1990s. This thesis found that most public safety organiza-
tions in the United States are unprepared to provide emergency medical services during these incidents. Provi-
sion of tactical emergency medical services in hostile environments require that emergency medical services 
personnel train and deploy using TECC RTF guidelines and the Israeli hospital paradigm. This thesis recom-
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mends the implementation of a national standard to ensure that these programs are instituted in jurisdictions 
across the United States.
Keywords: tactical emergency casualty care (TECC); tactical combat casualty care (TCCC); Israeli hospital; 
Israeli trauma protocols; rescue task force (RTF) tactical medic
INDONESIAN MARITIME SECURITY COOPERATION IN THE MALACCA STRAITS
Alfred Matthews–Commander, Indonesian Navy
Master of Arts in Security Studies (Strategic Studies)
Advisor: Robert Looney, Department of National Security Affairs
Co-Advisor: James Russell, Department of National Security Affairs
This thesis argues that Indonesia’s sensitivity about its sovereignty in the Malacca Straits and Indonesia’s 
preference toward regional security cooperation determines Indonesia’s policy in rejecting and accepting mul-
tilateral cooperation in the Straits. This thesis then analyzes the Regional Maritime Security Initiative (RMSI), 
MALSINDO, Eyes-in-the-Sky (EiS), and the Regional Cooperation Agreement on Combating Piracy and 
Armed Robbery against Ships (ReCAAP) initiatives, and examines how Indonesia responded to these initia-
tives. This thesis finds the following: First, regarding international effort to enhance the security cooperation 
in the Straits, Indonesia’s sensitivity and its wariness of internationalizing the Straits remains a big challenge 
for the extraregional states’ security initiatives in securing the Malacca Straits. Second, regarding the regional 
cooperation in the Straits, even though Indonesia prefers regional cooperation, it would still limit its coopera-
tion when dealing with the sovereignty issue. Third, regarding the security cooperation with extraregional 
powers, Indonesia prefers a bilateral security cooperation framework in securing the Straits.
Keywords: maritime security, Indonesia, archipelagic state concept, Wawasan Nusantara (nusantara concept), 
Indonesian waters, bebas-aktif policy, ASEAN, regional cooperation, regional maritime security initiative 
(RMSI), MALSINDO, eyes in the sky (EiS), ReCAAP.
POLICY OPTIONS ANALYSIS AND THE NATIONAL 
FIRE OPERATIONS REPORTING SYSTEM
Michael McAdams–Assistant Fire Chief (Ret.), Montgomery County Maryland Fire Rescue Service
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Nadav Morag, Center for Homeland Defense and Security
Second Reader: Richard Bergin, Department of Information Sciences
Effectively managing a fire department requires leaders to understand that allocation adjustment to resources 
will impact the outcome of structure fire incidents. It is important that fire service leaders and politicians 
understand how resources deployed impact firefighter and civilian injuries, death, and property loss. Addition-
ally, fire service leaders must have reliable data to understand the complexities and apply the correct resources. 
The National Fire Incident Reporting System (NFIRS) is a voluntary system and only describes the cause of 
a fire, its origin, and how a fire spreads within a structure. Information submitted into the NFIRS database 
does not provide real-time information. Despite recent advances in technology, fire departments do not have a 
method to determine the availability of resources able and ready to respond or the capability of those resources 
to manage the event. This thesis will identify those specific definitions and describe the operational effective-
ness of fire department resources deployed to a structure fire incident. Operational effectiveness states the 
match between the resources deployed to the incident type and management of the events. Explaining these 
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terms empowers the leader to allocate the correct resources—reducing firefighter and civilian injury, death, 
and property loss.
Keywords: fire data, policy options analysis, availability, capability, operational effectiveness, performance 
improvement, National Fire Incident Reporting System (NFIRS), N-FORS National Fire Operations Report-
ing System
BALANCE OF RISK IN THE SOUTH CHINA SEA
Adam McCann–Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Erik Dahl, Department of National Security Affairs
Second Reader: Christopher Twomey, Department of National Security Affairs
Chinese military and diplomatic actions in the South China Sea (SCS) are often seen as risky and provocative 
to other nations in the region that could lead to wider conflict. International relations scholars and China 
specialists debate the significance and causes of Chinese behavior in the SCS and the relationship of this pe-
ripheral territory to China’s place in the international system. This thesis attempts to contribute to the debate 
by evaluating whether Chinese behavior in the SCS may be explained by the balance-of-risk theory developed 
by Jeffrey W. Taliaferro in Balancing Risks: Great Power Intervention in the Periphery. This theory utilizes 
defensive realism and prospect theory to explain decisions by leaders to engage in risky military and diplomatic 
actions in peripheral region. In Balancing Risks, which was published in 2004, Taliaferro argues that leaders 
refuse to accept losses to their relative power and will continue to pursue risk acceptant strategies in order to 
maintain a perceived or real status quo. The questions asked by this thesis are as follows: Does Chinese be-
havior follow the balance-of-risk hypotheses? If so, what are the implications of balance-of-risk theory for our 
understanding of Chinese actions in the SCS? And, what does the balance-of-risk tell us about policy response 
during crisis?
Keywords: China, South China Sea, prospect theory, balance-of-power theory, international relations
HOW MILITARY ACTIONS AFFECTED CITIZEN SECURITY DURING PLAN COLOMBIA
Graydon Muller–Major, United States Air Force
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Thomas Bruneau, Department of National Security Affairs
Second Reader: Maiah Jaskoski, Department of National Security Affairs
This thesis examines the effects on citizen security caused by the Colombian military’s actions during Plan 
Colombia and its successor plans. Military actions are often evaluated according to their effect on state secu-
rity, but the concern of this thesis is whether or not the advantages of military security actions outweighed 
the costs for Colombian citizens. The military benefited citizens by weakening the insurgency and increasing 
state presence across Colombia’s territory, but the military’s involvement also incurred costs, including human 
rights abuses and large numbers of internally displaced persons. Considerable disagreement exists over the 
final value of the military’s involvement, as it does over many aspects of Plan Colombia. This thesis seeks to 
add some clarity to the debate, with a focus on military operations’ effects on civilians’ lives, while also asking 
what the Colombian experience can teach the United States (and other countries) about counterinsurgency. 
Overall, this thesis finds that the use of the Colombian military during Plan Colombia improved citizen secu-
rity, and furthermore, that the United States played a positive role in this outcome.
Keywords: Plan Colombia, insurgency, FARC, citizen security, building partner capacity
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EFFECTS OF UAVS ON INTERSTATE RELATIONSHIPS: A CASE 
STUDY OF U.S. RELATIONS WITH PAKISTAN AND YEMEN
David Pagan–Lieutenant, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Daniel Moran, Department of National Security Affairs
Second Reader: Victoria Clement, Department of National Security Affairs
In the wake of the attacks of September 11, 2001, the United States of America embarked upon a major coun-
ter-terrorism campaign against al Qaeda and its affiliates. The conflict has involved ground combat operations 
in Afghanistan, as well as ancillary actions in Pakistan, Yemen and Somalia. In all of these theaters, the use 
of unmanned aerial vehicles (UAVs) has increased dramatically; in recent years, armed UAVs have been used 
to conduct strikes in Yemen and Pakistan. The rapid growth of UAV operations shows no sign of slowing, 
and the implications of their use need to be continually examined if the United States wishes to achieve its 
policy objectives in Pakistan and Yemen. Comparing these cases will help bring together knowledge gained 
in studying each case separately. This thesis investigates how the use of UAVs as part of the counter-terrorism 
campaigns in Yemen and Pakistan has affected U.S. relations with those countries and whether the current 
arrangements are the best policies to combat terrorism in these countries.
Keywords: UAVs, drones, U.S. foreign policy, Yemen, Pakistan, al Qaeda, AQAP, Taliban
CHINA’S ROLE IN COUNTER-PIRACY OPERATIONS
Ann Patterson–Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Christopher Twomey, Department of National Security Affairs
Second Reader: Tristan Mabry, Department of National Security Affairs
Piracy threatens commercial shipping passing through major choke points and sea lines of communication in 
regions such as the Gulf of Aden (GOA) and Southeast Asia. Piracy has become a larger security issue in the 
international community as the number of attacks has increased and ransoms have escalated. Countries such 
as China have become more involved in counter-piracy operations; however, China has neither joined the 
Combined Maritime Forces task force in the GOA to combat piracy, nor been completely transparent about 
its maritime strategy in either region. There are varying theories about what is motivating China’s behavior. 
Why is China involved in counter-piracy operations? This thesis will attempt to answer the question, by com-
paring and contrasting China’s behavior in these two regions. Three possible explanations will be analyzed in 
an attempt to answer the research question. Is China trying to meet the challenges of its rivals and establish a 
geopolitical position, safeguard its economic interests, or cooperate within the international community as a 
good global citizen? The research reveals that there is some truth to all three explanations that help to explain 
China’s involvement with counter-piracy operations. Therefore, counter-piracy is a concern but more so a 
stepping-stone for a much larger maritime strategy.




ENTREPRENEURSHIP AS A SOURCE OF ECONOMIC, POLITICAL, 
AND SOCIAL IMPROVEMENT IN SUB-SAHARAN AFRICA
This paper has been recognized as outstanding by its department.
Eric Rabarijaona–Major, United States Air Force
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Robert Looney, Department of National Security Affairs
Second Reader: Naazneen Barma, Department of National Security Affairs
A three-country case study was used to analyze the economic, political, and social impacts of entrepreneur-
ship, and the development of entrepreneurship in Sub-Saharan Africa was studied through the lens of five 
entrepreneurial factors (freedom, labor, infrastructure, governance, and business environment). An increase 
of foreign direct investments, growing economic freedom for citizens, and a higher gross domestic product 
per capita were among the economic benefits of entrepreneurship. Politically, stronger democracy, political 
rights, and civil liberties can be obtained from a growing level of entrepreneurship. Reduced unemployment, 
better education, higher health expenditures per capita, and development of the communications infrastruc-
ture were some of the social benefits. Lower cost for starting a new business and easier access to capital were 
the chief reasons behind Botswana’s greater level of entrepreneurship. Better governance, regulatory quality, 
infrastructure, and trade freedom have also helped to attract entrepreneurs for Botswana. For Zambia and 
Malawi, the coordination of entrepreneurial programs, business freedom, and the amount of corruption are 
better indicators to predict their levels of entrepreneurship instead of their measures of the rule of law or the 
regulatory quality. Botswana and Zambia are expected to march toward a virtuous cycle while Malawi appears 
to be in a vicious cycle.
Keywords: entrepreneurship, Botswana, Malawi, Zambia, sub-Saharan-Africa
A CASE STUDY IN THE IDENTIFICATION OF CRITICAL FACTORS LEADING TO 
SUCCESSFUL IMPLEMENTATION OF THE HOSPITAL INCIDENT COMMAND SYSTEM
Lisa Schoenthal–Chief, Disaster Medical Services Division, California Emergency 
Medical Services Authority, Rancho Cordova, California
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Christopher Bellavita, Department of National Security Affairs
Second Reader: Lauren Wollman, Center for Homeland Defense and Security
The Hospital Incident Command System (HICS) is widely used by the nation’s hospitals, yet there is a paucity 
of research and a lack of developed models to examine HICS implementation. A study of HICS implementa-
tion may benefit hospitals, provide insight for future revisions, and add to the body of knowledge about HICS. 
This case study examined the critical factors that lead to the successful implementation of HICS based upon 
Stanford Medicine’s Response to the Asiana plane crash of July 6, 2013. Four commonalities identified from 
the literature review formed a hypothesis for successful HICS implementation that was tested and supported. 
In addition to the lessons learned that supported the tested hypothesis, the documentation reviewed described 
highly competent individuals and cohesive teamwork. It was not possible to separate individual and team 
competence from the tested hypothesis. As a result of this study, six critical factors were identified from the 
supported hypothesis that form an HICS implementation model for future evaluation.
Keywords: Hospital Incident Command System, HICS, incident command system, hospital emergency man-
agement, Stanford Medicine, healthcare emergency management, California Emergency Medical Services Au-
thority, California EMSA, National Incident Management System, NIMS
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Nuri Sener–First Lieutenant, Turkish Army
Master of Arts in Security Studies (Stabilization and Reconstruction)
Advisor: Victoria Clement, Department of National Security Affairs
Second Reader: Tristan Mabry, Department of National Security Affairs
The concept of power has always been a complex term and debated by numerous academic schools. The end 
of the Cold War and the occurrence of a new multilateral international environment resulted not only in new 
power structures, but also in new problems and conflicts. Therefore, understanding the new power structures 
and evolving nature of international conflicts has become necessary in order to establish a stable and secure 
environment. Located in a geographical position where there are various types of conflict, Turkey stands as a 
leading figure, acting as both a regional soft power and an important contributor to peace operations. In this 
sense, this thesis explores the concepts of soft power and peacekeeping and the effects of Turkey’s soft-power 
assets, using peacekeeping operations in Afghanistan as a case study.
Keywords: soft power, peacekeeping, peacekeeping operations, Turkey, Afghanistan, soft power assets
UNAUTHORIZED DISCLOSURE: CAN BEHAVIORAL INDICATORS 
HELP PREDICT WHO WILL COMMIT UNAUTHORIZED DISCLOSURE 
OF CLASSIFIED NATIONAL SECURITY INFORMATION?
Karen Sims–Senior Security Specialist, Department of Homeland Security, 
Office of the Chief Security Officer, Washington, DC
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Robert Simeral, Department of Information Sciences
Co-Advisor: Kathleen Kiernan, Center for Homeland Defense and Security
Federal government security-cleared personnel have been disclosing federal government classified national 
security information, whether to a foreign government or the United States media, at an increasing rate since 
the 1980s. Can common personal or psychological characteristics or motivations be identified from historical 
cases that could indicate the likelihood of a current or potential federal employee to disclose national security 
information without authorization? Reasons for unauthorized disclosure range from financial, to whistle-
blowing, to a desire to change international policy, to sympathy and strong ties with a foreign government. 
The focus of this research is on the behavioral characteristics that are similar or different between known, 
studied historical cases of personnel associated with the federal government who have disclosed classified in-
formation without authorization. Upon review of existing data, the prevalent behavioral characteristic of the 
cases is one of a disgruntled employee (ideology/disillusionment/loyalty). A disgruntled employee becomes 
the largest concern as an insider threat, one who is willing to compromise his or her feelings of loyalty to the 
organization and the nation for a myriad of reasons.
Keywords: insider threat, unauthorized disclosure, classified national security information, behavioral indica-
tors, ideology, disillusionment, loyalty, intelligence community culture, Aldrich Ames, Robert Hansson, Chel-
sea (Bradley) Manning, Edward Snowden
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This paper has been recognized as outstanding by its department.
Kyle Sullivan–Lieutenant, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: David Yost, Department of National Security Affairs
Second Reader: Mikhail Tsypkin, Department of National Security Affairs
The Ukraine crisis underway since November 2013 is a significant occurrence in a greater debate over what 
norms will prevail in the European—and global—security environment. The roots of the crisis lie in two-and-
a-half decades of competition for influence in Ukraine by the European Union and the Russian Federation. 
The competition between Russia and the EU over Ukraine has evolved significantly since Ukraine became 
independent in 1991. This thesis shows that the European Union’s level of awareness of and competition with 
Russia for influence in Ukraine has significantly grown. Ukraine’s position in EU diplomacy has grown from 
secondary status to being regarded as a critical interest across EU institutions and member state governments. 
While Russian efforts to establish dominant influence in Ukraine have also intensified, Moscow’s interest in 
Ukraine has been consistently high. The findings of this thesis indicate that the European Union has not given 
up on Ukraine nor accepted the legitimacy of a Russian sphere of influence in post-Soviet states. Competition 
between Russia and the European Union over Ukraine is likely to intensify and remain at a high level for the 
foreseeable future.
Keywords: European Union, Russia, competition strategies, Ukraine, Crimea, integration, Eurasian Union
HOW WILL VIETNAM’S ECONOMIC RELATIONSHIP AND DEPENDENCY ON CHINA 
AFFECT ITS RESPONSE TO CHINA’S INCREASING THREAT TO ITS SOVEREIGNTY?
Kevin Tran–Major, United States Air Force
Master of Arts in Security Studies (Far East, Southeast Asia, and the Pacific)
Advisor: Robert Looney, Department of National Security Affairs
Second Reader: Casey Lucius, Naval War College
Vietnam’s economic liberalization since the adoption of the Doi Moi has helped Vietnam’s economy blossom. 
As a result of its economic liberalization, Vietnam has become more dependent on China for its economic 
growth and stability. This dependency has made it difficult for Vietnam to challenge China when its sover-
eignty is threatened. According to the World Bank, China is Vietnam’s number one trading partner, with $50 
billion in trade commerce in 2013. By examining the importance of Vietnam’s economic liberalization and 
its dependence on China, we can better understand how Vietnam will formulate its foreign policy with China 
and, in part, the United States. Vietnam has modernized its military to close the gap between its military ca-
pabilities and China’s. Vietnam has also increased its engagements with the United States, South Korea, Japan, 
India, Russia, and Australia in an attempt to hedge against China’s increased aggression in the South China 
Sea. Meanwhile, Vietnam has opened up its seaports to the international community and begun upgrading 
Cam Ranh Bay seaport to become a repair facility to provide maintenance support for most naval vessels. 
Vietnam is using these strategies to better defend its sovereignty without impacting its economic relationship 
with China.
Keywords: Vietnam, China, South China Sea, economic liberalization, Doi Moi
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HUNGRY TIGER EAGER TO GROW
Chih-Hung Wan–Lieutenant Commander, Taiwan Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Paul Kapur, Department of National Security Affairs
Second Reader: Michael Glosny, Department of National Security Affairs
India is a great military power in the world. It is fortifying its military at a fast pace. Thus, the other states in 
the world have raised a serious question: What drives India to modernize its military? This thesis borrows 
Sagan’s three models—security model, norms model, and domestic-politics model—to address the research 
question of why India is expanding its military capability. India’s military expansion is analyzed using two 
case studies on nuclear weapons and aircraft carriers to determine which model is the most applicable. The 
evidence demonstrated in this thesis suggests that no single model can fully explain this question. The three 
models—the security, the norms, and the domestic-politics models—are all indispensable pieces to the puzzle 
of explaining India’s military expansion. However, this expansion could result in a security dilemma that pro-
vokes its hostile neighbors toward an arms race. That is to say, India’s behavior of military expansion might 
destabilize the region of South Asia.
Keywords: India, China, Pakistan, military expansion theory, security model, norms model, domestic-politics 




THE INTEGRATION ROLE OF EUROPEAN DEFENSE 
PROCUREMENT IN ACHIEVING A MORE COMPETITIVE AND 
STRONGER EUROPEAN DEFENSE EQUIPMENT MARKET
Kiril Angelov–Civilian, Ministry of Defense of the Republic of Bulgaria
Master of Business Administration
Advisor: Max Kidalov, Graduate School of Business and Public Policy
Second Reader: Robert Looney, Department of National Security Affairs
The creation of a strong and competitive European defense equipment market out of the 28 fragmented mar-
kets of the EU member states remains an important subject of discussion in transatlantic relations today. The 
increasing defense capability gap between Europe and the United States continues to raise many questions, 
including the issue of European dependency on U.S. defense capabilities and technologies. At the same time, 
the EU’s decreasing military spending, in particular in the defense procurement and research and develop-
ment areas, has been negatively affecting defense companies in Europe. To support the development of a 
competitive, competent, and capability-driven defense industry, the EU member states agreed to focus on 
the institutionalization of the European defense equipment market. The main focus of this study is how this 
institutionalization process contributes to the fostering of the defense market integration. Using qualitative 
analysis, I argue that the new regulation contributes little to the integration of the different national defense in-
dustries in Europe. Despite the publicly expressed consensus for more collaboration in defense procurement, 
most member states continue to look for nationally driven decisions, rather than for a functioning European 
approach.
Keywords: European Union, defense equipment market, defense industry, defense procurement, defense ac-
quisition, market distortions, offset, consolidation, merger and acquisition, military expenditure, competition, 
collaboration programs, defense industrial base
ANALYSIS OF CONTRACT SOURCE SELECTION STRATEGY
Jatan Bastola–Lieutenant, United States Navy
Kenneth Findley–Lieutenant Commander, United States Navy
Nathan Woodward–Lieutenant, United States Navy
Master of Business Administration
Advisor: Rene Rendon, Graduate School of Business and Public Policy
Co-Advisor: Karen Landale, Graduate School of Business and Public Policy
The Department of Defense (DOD) spends billions acquiring weapons systems, supplies, and services. The 
contract management process has to be executed diligently to ensure the government is receiving the highest 
return on investment. The process has six steps, two of which relate to the source selection strategy: solicita-
tion planning and source selection. Once the acquisition team determines whether to use a lowest price techni-
cally acceptable (LPTA) or Tradeoff source selection strategy, they evaluate proposals to determine which of-
fer presents the best value to the government. The purpose of this research is to explore potential relationships 
between the source selection strategy (LPTA or Tradeoff) and resultant contract outcomes. This research uses 
data collected from contract files and related documentation from two major systems commands (Naval Air 
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source selection strategies. The findings suggest that an LPTA source selection strategy has a significantly 
shorter lead-time to contract award. The findings should be viewed with caution, however, as the sample size 
consisted of only six LPTA contracts. This report concludes with two recommendations to improve further 
research on choosing a source selection strategy and contract outcomes.
Keywords: contracting, contract management process, source selection, Lowest Price Technically Acceptable, 
tradeoff
CROWDSOURCED FORMAL VERIFICATION: A BUSINESS CASE 
ANALYSIS TOWARD A HUMAN-CENTERED BUSINESS MODEL
Andreas Baur–Commander, German Navy
Master of Business Administration
Advisor: Geoffrey Xie, Department of Computer Science
Second Reader: Nicholas Dew, Graduate School of Business and Public Policy
The DARPA project Crowd Sourced Formal Verification (CSFV) tries to investigate whether offering free 
games via the Internet that translate player’s actions into program annotations helps to overcome the chal-
lenges of the expensive and time-consuming formal verification of software by human experts. This business 
case analysis evaluates the results of the CSFV-project phase 1. Based on data of the games, the author iden-
tifies three problems of the current CSFV approach. The author concludes, in accordance with the Gartner 
Hype Cycle Research Methodology, that the technology currently is not sufficiently mature to justify a finan-
cial investment, but that the cutting-edge approach may reach the plateau of productivity within two to five 
years, due to parallel maturation of some technologies. The author argues that a human-centered approach is 
necessary to transform the customer base in order to mitigate the identified deficiencies and to leverage crowd-
sourced formal verification as a sustainable business. He first explains the concepts relevant in the context 
of crowdsourced formal verification and the technologies having impact on it. He then identifies the current 
issues and existing obstacles in the current technology. Based on future trends and visions in the respective 
fields of technology, and the needs and motivations of people, he proposes a human-centered business model 
that may foster the implementation of crowdsourced formal verification of software in organizations that de-
pend on security-critical and safety-critical software.
Keywords: human behavior, scripting, dynamic behavior, knowledge representation, ontology, Protégé, COM-
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DEFENSE PLANNING IN THE MINISTRY OF DEFENSE OF 
UKRAINE: DECADE OF ATTEMPTS AND MISTAKES
This paper has been recognized as outstanding by its department.
Iryna Bystrova–Lieutenant Colonel, Ukrainian Army
Master of Business Administration
Advisor: Max Kidalov, Graduate School of Business and Public Policy
Co-Advisor: Thomas Young, Center for Civil-Military Relations
The intensification of the Euro-Atlantic integration of Ukraine, the conduct of military operations in the 
South-East region of the state, and the need for immediate defense reforms are among top state priorities for 
the Ukrainian government. The creation of the modern Ukrainian Army should be a product of a reformed 
defense planning system. Previous unsuccessful attempts at defense planning need to be acknowledged and 
not replicated. It is time for the Ukrainian defense institution to rid itself of Communist legacy concepts and 
adopt Western ones. The purpose of this research is to outline the key aspects of the problem of the exist-
ing defense planning and force management systems and define how they must, and can be, fundamentally 
reformed. In this effort, time is spent considering the utility of defense review to achieving this end via the 
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identification of its strengths and pitfalls, to describe necessary changes of the existing legislation framework 
of defense planning and the need for corresponding changes in military institution, to analyze existing de-
fense programs and suggest their restructuring for project management, and to ascertain how the now largely 
ignored IAS Resource could be used successfully in the future to support these objectives.
Keywords: Ukraine, defense planning, defense review, IAS Resource
CONTRACTING WITH THE ENEMY: THE CONTRACTING OFFICER’S DILEMMA
Thomas Cayia–Captain, United States Army
Joshua McCaslin–Captain, United States Army
Master of Business Administration
Advisor: Max Kidalov, Graduate School of Business and Public Policy
Co-Advisor: E. Cory Yoder, Graduate School of Business and Public Policy
Operational contract support activities during stability and reconstruction operations rely significantly on lo-
cal national contractors to provide goods and services for U.S. forces. In some cases, local national contractors 
are given priority in competition for contracts as a means of stimulating and rebuilding the local economy. 
A major risk associated with using local national contractors in contingency environments is the presence 
of business entities that may directly or indirectly support adversarial forces. Entering into contracts with 
enemy-affiliated business entities creates significant contractual and security risk for U.S. forces. Mitigating 
the effects of enemy-affiliated business must be a priority for contingency contracting officers. However, the 
process of preventing enemy-affiliated business entities from contracting with the U.S. government is complex 
and difficult to navigate. In this MBA Report, we analyze the reasons for this complexity and provide future 
policy recommendations to better counteract the contracting-with-the-enemy phenomenon.
Keywords: contracting with the enemy, operational contract support, contingency contracting
NAVY ADDITIVE MANUFACTURING: ADDING PARTS, SUBTRACTING STEPS
Victor Cunningham–Lieutenant Commander, United States Navy
Christopher Schrader–Lieutenant, United States Navy
James Young–Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Bryan Hudgens, Graduate School of Business and Public Policy
Co-Advisor: Douglas Brinkley, Graduate School of Business and Public Policy
This study examines additive manufacturing (AM) and describes its potential impact on the Navy’s Supply 
Chain Management processes. Included in the analysis is the implementation of 3D printing technology and 
how it could impact the Navy’s future procurement processes, specifically based on a conducted analysis of 
the automotive aerospace industry. Industry research and development has identified multiple dimensions of 
AM technology, including material variety, cost saving advantages, and lead-time minimizations for manufac-
turing products. This project is designed to provide the Navy with a recommendation based on an in-depth 
industry case-study analysis.
Keywords: additive manufacturing, 3D printing, 3DP
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MULTIPLE AWARD, MULTIPLE ORDER CONTRACTS—THE FUTURE 
OF NAVY SURFACE MAINTENANCE PROCUREMENT
Matthew Duncan–Lieutenant, United States Navy
Richard Hartl–Lieutenant, United States Navy
Master of Business Administration
Advisor: Richard Nalwasky, Contracting & Logistics
Co-Advisor: Karen Landale, Graduate School of Business and Public Policy
Prior to 2004, all Chief of Naval Operations maintenance availabilities used a firm-fixed price contract struc-
ture. These contracts resulted in significant cost overruns and schedule delays, and did not create the col-
laborative environment the Navy desired. In an effort to improve outcomes, Naval Sea Systems Command 
(NAVSEA) created the multi-ship, multi-option contract, a long-term, cost-reimbursement contracting vehi-
cle that was competitively awarded. In 2013, NAVSEA determined that although collaboration and ownership 
had improved, the Navy’s ability to manage growth had been underestimated. Commander, Navy Regional 
Maintenance Centers and NAVSEA 21 set out to create a contracting vehicle with firm-fixed price or fixed 
price award fee competitions via multiple award contracts and created the Multiple Award Contract–Multiple 
Order (MAC-MO) contract strategy. The purpose of this MBA project is to analyze MAC-MO contracts and 
compare/contrast them with previous strategies in order to determine the efficiency and effectiveness of this 
method.
Keywords: contracting, contract strategy, maintenance procurement, multiple award contract, requirement 
definition, contract incentives
GENDER INTEGRATION ON U.S. NAVY SUBMARINES: VIEWS OF THE FIRST WAVE
Krysten Ellis–Lieutenant Commander, United States Navy
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Master of Business Administration
Advisor: Kathryn Aten, Graduate School of Business and Public Policy
Co-Advisor: Gail Thomas, Graduate School of Business and Public Policy
Co-Advisor: Mark Eitelberg, Graduate School of Business and Public Policy
This project is an ethnographic case study documenting the experiences of the first group of women inte-
grated into the United States SubMarine Force. The study seeks to: 1) document the process through which 
each of the women was selected and became a subMariner; 2) identify hindering and supporting issues and 
concerns (e.g., life-work balance, job-role expectations, and career development); 3) describe the organiza-
tional culture and cultural change drivers; 4) identify and describe how the women’s experiences affected 
both their professional and personal lives; and 5) identify the benefits of gender integration for the subMarine 
force as expressed by the women integrated. The methodology included a combination of qualitative research 
methods from ethnographic and case studies. Data was collected and analyzed for themes in order to answer 
the research questions. Fifteen female subMarine officers, including 11 from the first group integrated, were 
interviewed using semi-structured questions during January–May 2015. The responses were recorded and 
transcribed. The interviews focused on the following themes: general experience, supporting and hindering 
factors, subMarine culture effects, personal and professional impacts, and benefits. This project creates an 
organized, qualitative data set detailing first-person accounts of a momentous occurrence in U.S. Navy his-
tory. This is a rich source of information that can be used in future studies to explore gender integration and 
organizational culture generally or more specifically aboard Navy subMarines. Additionally, the preliminary 
analysis establishes a baseline for continued study of initial integration on subMarines. The authors provide 
recommendations for further research to support gender integration in the United States military.
Keywords: submarines, integration, case analysis, women
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OR MAINTAIN TWO MARINE CORPS RECRUIT TRAINING DEPOTS
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This thesis establishes the framework for determining the feasibility of consolidating the two current Marine 
Corps recruiting depots into one location. The drawdown in manpower and growing fiscal constraints is forc-
ing all services to analyze their expenses. Through the analysis of costs to consolidate depots at one of the ex-
isting locations or establish a new facility, the researcher makes recommendations on which costs are relevant 
to the Marine Corps in this process. The final product provides a framework for identifying relevant costs and 
benefits applicable to making decisions for the consolidation of depots.
Keywords: relevant costs, incremental cost
A COST-BENEFIT ANALYSIS OF THE LAV MOBILITY AND OBSOLESCENCE 
PROGRAM BY USING U.S. ARMY STRYKER SUSPENSIONS
Chad Harmon–Captain, United States Marine Corps
Michael Keathley–Captain, United States Army
Master of Business Administration
Advisor: Amilcar Menichini, Graduate School of Business and Public Policy
Co-Advisor: Jesse Cunha, Graduate School of Business and Public Policy
The U.S. Marine Corps’ Light Armored Vehicle (LAV) is essential to battlefield supremacy, and the Marine 
Corps has no replacement. Because the LAV has reached the end of its intended 30 years of service, per PM-
LAV, it needs a system upgrade due to a service extension to year 2035. A cost-benefit analysis was conducted 
to calculate the possible savings of using U.S. Army Stryker replacement parts compared to, alternatively, 
building new vehicles. The Stryker and LAV were both built by General Dynamics Land Systems-Canada and 
have the same basic design, but the Stryker is newer and bigger. The analysis suggests the Marine Corps could 
realize savings of up to $200 million, as well as increased LAV capabilities, by using Stryker replacement parts. 
This would free more funds for the Marine Corps to use on other programs and bolster their light armored 
reconnaissance battalions.
Keywords: cost benefit analysis, mobility and obsolescence, LAV, Stryker, suspension
THE CAREER COST: DOES IT PAY FOR A MILITARY PILOT 
TO LEAVE THE SERVICE FOR THE AIRLINES?
Jeffrey Hodges–Lieutenant Commander, U.S. Navy
Master of Business Administration
Advisor: Thomas Albright, Graduate School of Business and Public Policy
Second Reader: Amilcar Menichini, Graduate School of Business and Public Policy
The military is experiencing a pilot retention problem that is getting worse. The government spends millions 
of dollars training pilots in the most advanced aircraft in the world, only to watch them leave for the commer-
cial airline industry at the first opportunity. As airline pilot hiring continues to improve, military pilots will 
depart the services for the assumed increase in financial compensation of the airlines. This thesis compares 
two scenarios: one in which a military pilot leaves the service to become a commercial airline pilot upon com-
pleting the initial active duty service obligation (ADSO), and one in which a military pilot defers becoming a 
commercial airline pilot until after reaching military retirement eligibility. The comparison is made by calcu-
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lating lifetime income cash flows of both scenarios, and then discounting them to achieve a net present value 
(NPV). The findings conclude it is financially prudent for military pilots to remain in the service until retire-
ment. The current policies enable a retired military pilot to earn over 9% more in NPV when compared to the 
military pilot who separates at ADSO completion. Military pilots who voluntarily separate prior to retirement 
for financial reasons are incorrectly evaluating the assumed pay disparity between the airlines and the military.
Keywords: pilot, airline pay, attrition, earnings
KNOWLEDGE VISUALIZATIONS: A TOOL TO ACHIEVE OPTIMIZED 
OPERATIONAL DECISION MAKING AND DATA INTEGRATION
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Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Arkady Godin, Department of Information Sciences
Second Reader: Glenn Cook, Department of Information Sciences
The overabundance of data created by modern information systems (IS) has led to a breakdown in cognitive 
decision-making. Without authoritative source data, commanders’ decision-making processes are hindered as 
they attempt to paint an accurate shared operational picture (SOP). Further impeding the decision-making 
process is the lack of proper interface interaction to provide a visualization that aids in the extraction of the 
most relevant and accurate data. Utilizing the DSS to present visualizations based on OLAP cube integrated 
data allow decision-makers to rapidly glean information and build their situation awareness (SA). This yields 
a competitive advantage to the organization while in garrison or in combat. Additionally, OLAP cube data 
integration enables analysis to be performed on an organization’s data-flows. This analysis is used to identify 
the critical path of data throughout the organization. Linking a decision-maker to the authoritative data along 
this critical path eliminates the many decision layers in a hierarchal command structure that can introduce 
latency or error into the decision-making process. Furthermore, the organization has an integrated SOP from 
which to rapidly build SA, and make effective and efficient decisions.
Keywords: knowledge visualizations, critical information requirements, decision support system, merging 
workflows, data provenance
ANALYSIS OF DEPARTMENT OF DEFENSE SOCIAL MEDIA 
POLICY AND ITS IMPACT ON OPERATIONAL SECURITY
Eric Leonhardi–Lieutenant Commander, United States Navy
Mark Murphy–Lieutenant, United States Navy
Hannah Kim–Lieutenant, United States Navy
Master of Business Administration
Advisor: Mie-Sophia Augier, Global Public Policy Academic Group
Second Reader: Douglas Brinkley, Graduate School of Business and Public Policy
The emergence and rapid adoption of social media by society has forced the Department of Defense (DOD) 
to adapt, and ultimately, develop and incorporate, social media policy into its cybersecurity strategy. While 
social media has influenced DOD strategy, it has also had a direct impact on the organization’s operational 
security (OPSEC). DOD personnel using social media represent a potential OPSEC risk through the various 
ways and means in which they utilize social-networking platforms. In 2009, the DOD responded to this risk, 
in part, with a policy to regulate the use of social media. This project analyzes current DOD social media 
policy to determine how it can be changed to improve OPSEC. To address this issue, DOD social media 
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policies from Army Cyber Command, Air Force Cyber Command, Fleet Cyber Command, and Marine Force 
Cyber Command were analyzed by performing an in-depth review and strengths, weaknesses, opportunities, 
and threats analysis.
Keywords: social media, social networking, policy, cyber, security, cybersecurity, risk, threat, military, DOD, 
SWOT, strategy, operational security
COST-BENEFIT ANALYSIS: CLOSED-CELL POLYURETHANE FOAM USE IN DOD 
FORWARD-DEPLOYED STRUCTURES, AND AS AN ALTERNATIVE BUILDING 
MATERIAL, TO REDUCE OPERATIONAL FUEL DEMAND AND ASSOCIATED COSTS
Robert Marsh–Lieutenant Commander, United States Navy
Steven Caballero–Lieutenant, United States Navy
Stephen Gerry–Captain, United States Army
Master of Business Administration
Advisor: Jeremy Arkes, Graduate School of Business and Public Policy
Co-Advisor: Steven Landry, Graduate School of Business and Public Policy
The purpose of this project is to identify the costs and benefits associated with the application of closed-cell 
spray foam insulation to forward-deployed, semipermanent/nonpermanent structures, and to provide recom-
mendations regarding future integration, use, and employment. According to the Department of Defense 
(DOD), forward-deployed generators, used to provide power to base support activities, are the largest single 
consumer of fuel throughout the battlefield. Eighty percent of the energy provided by generators is assessed to 
power environmental control units that run incessantly due to the poor insulating properties of the structures, 
according to a 2010 study conducted by the Department of the Air Force Civil Engineer Support Agency. 
Recent DOD policy has focused more on energy use and consumption but fails to address, and provide solu-
tions for, major consumers of fuel throughout the battlefield. The incorporation of closed-cell, spray foam 
insulation into legacy DOD forward-deployed construction practices yields a significant return on investment, 
short-payback/break-even period, and reduces mission and personnel risk to deployed military forces.
Keywords: closed-cell polyurethane foam, polyurethane foam insulation, closed-cell spray foam (CCSF) in-
sulation
ANALYSIS OF GOVERNMENT POLICIES TO SUPPORT 
SUSTAINABLE DOMESTIC DEFENSE INDUSTRIES
Roni Marzah–Lieutenant Commander, Indonesian Navy
Budi Setiawan–Lieutenant Commander, Indonesian Navy
Master of Business Administration
Advisor: Max Kidalov, Graduate School of Business and Public Policy
Co-Advisor: Francois Melese, Defense Resources Management Institute
Armed forces all over the world need military equipment to support their security missions. Having a do-
mestic defense industry is one approach that countries use to supply their armed forces’ requirements. The 
successful development of a domestic defense industry depends on many factors, but perhaps the most sig-
nificant variable is the government. Because governments are both buyers and suppliers of national security, 
government policies are often designed by governments to defend and regulate domestic defense industries. 
This professional report explores the substance costs and benefits of various government policies to establish 
a sustainable defense industry. The report focuses on government policies in the United States, the United 
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Kingdom, France, and South Korea, because defense industries in those countries have proven track records 
and tend to be profitable and sustainable.
Keywords: sustainable defense industry, government policy
AN ANALYSIS OF NAVY MANAGED CHILD DEVELOPMENT CENTERS
Anne Mazurek–Lieutenant Commander, United States Navy
James McQuiniff–Lieutenant, United States Navy
Hector Gonzalez–Lieutenant, United States Navy
Master of Business Administration
Advisor: Latika Hartmann, Graduate School of Business and Public Policy
Co-Advisor: Jesse Cunha, Graduate School of Business and Public Policy
The Navy currently provides child care for 24,005 children within Navy Regions Mid-Atlantic, Southwest, 
and Naval District Washington. With ongoing concerns relating to the federal budget, we endeavored to see 
whether a policy change in regard to Navy child care was needed. The policy changes we analyzed were in-
creasing the current capacity, building new CDC facilities, and subsidizing child care in the civilian market. 
We took current data, provided by CNIC, and analyzed the current costs and the effects these policies would 
have if implemented. We found that all of the policies analyzed will have increased costs to the Navy in the 
short run. We also found that the effects of providing child care are positive for the Navy and the military 
members who utilize them. When comparing all three options, however, we found that increasing the current 
capacity of the CDCs will give the best return on investment for the Navy and its members.
Keywords: child care, CDC, child development center, subsidy, cost analysis
VIABLE CIRCUMSTANCES FOR FINANCIAL NEGOTIATIONS 
IN PAKISTAN CONTRACTING PROCESS
This paper has been recognized as outstanding by its department.
Ejaz Nazir–Major, Pakistan Army
Faisal Nadeem–Squadron Leader, Pakistan Air Force
Master of Business Administration
Advisor: Max Kidalov, Graduate School of Business and Public Policy
Co-Advisor: Elliot Cory Yoder, Graduate School of Business and Public Policy
In Pakistan, competitive forms of procurement include only two-step sealed bidding. In the United States, 
negotiated procurement falls under competitive forms of procurement. Pakistan established the Pakistan Pro-
curement Regulatory Authority (PPRA) in 2002 on the recommendations of the World Bank and enacted 
PPRA rules in 2004 based on the 1994 UNCITRAL model procurement law. The purpose of PPRA rules in 
2004 was twofold: First, it implemented uniform procurement regime in all federal and provincial procure-
ment agencies. Second, it enhanced transparency and capacity of the procurement system. Since the enactment 
of PPRA rules in 2004, the model UNCITRAL was amended in 2011. The amended 2011 UNCITRAL law 
also allows negotiations, such as the competitive form of procurement. The authors evaluate the Pakistan 
procurement system UNCITRAL model law and the U.S. acquisition system with an intention to find viable 
circumstances under which negotiated procurement can be initiated in Pakistan. The authors use the analo-
gous Yoder’s Three Integrated Pillars of Success (TIPS) and find room for improvements in three pillars of 
Pakistan procurement: personnel, platforms, and protocols. The authors recommend that negotiated procure-
ment be implemented in Pakistan, provided that the three pillars of procurement system are strengthened, 
along with the broadening of the accountability loop.
Keywords: negotiations, UNCITRAL, Truth in Negotiations Act (TINA), TIPS Model
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EXPANDING THE NAVY’S MANAGERS’ INTERNAL CONTROL PROGRAM’S 
CAPABILITY TO PREPARE FOR EXTERNAL FINANCIAL AUDITS
Jonathan Pagnucco–Lieutenant, United States Navy
Master of Business Administration
Advisor: Juanita Rendon, Graduate School of Business and Public Policy
Co-Advisor: Philip Candreva, Graduate School of Business and Public Policy
The Department of the Navy’s Managers’ Internal Control Program (MICP) is an important tool for ensur-
ing the Department is well managed. In 2013, the Committee of Sponsoring Organizations of the Treadway 
Commission (COSO) added 17 principles to the five existing internal control components. In 2014, the Gov-
ernment Accountability Office’s (GAO) updated the Standards for Internal Control in the federal government 
and directed federal managers to adopt the update by fiscal year 2016. The Navy’s internal control program 
does not yet comply. After analyzing the content of the MICP against the COSO and GAO publications, this 
thesis developed templates to supplement the MICP in order to bring the Navy program into compliance and 
provide a tool for internal assessment that may aid commands as they prepare for external financial audits.
Keywords: effective internal controls, auditability, internal audits, external audits, GAO’s five standards of 
internal control in the federal government, Financial Improvement and Audit Readiness (FIAR), DOD In-
spector General, Committee of Sponsoring Organizations
RENEWABLE ENERGY AND STORAGE IMPLEMENTATION 
IN NAVAL STATION PEARL HARBOR
Pete Priester–Major, United States Marine Corps
Anthony Grusich–Lieutenant, United States Navy
Paul Tortora–Lieutenant, United States Navy
Master of Business Administration
Advisor: Nicholas Dew, Graduate School of Business and Public Policy
Co-Advisor: Eva Regnier, Defense Resources Management Institute
The purpose of this project is to examine the feasibility and cost effectiveness of liquid air energy storage and 
microgrid options to meet power demand aboard Naval Station Pearl Harbor. This infrastructure serves mul-
tiple Navy objectives, including providing standalone power support to endure emergency situations, provid-
ing pierside power for Navy vessels, enhancing the Navy’s cost savings from the proposed utility scale West 
Loch solar PV project, and helping to meet the Navy’s and Hawaii’s renewable energy goals in accordance 
with Department of Defense mandates and Navy-stated objectives for energy self-sufficiency and the goals of 
the Hawaiian Clean Energy Initiative. The results indicate that in grid-tied operation, a solar PV alone is the 
option with the highest financial net present value. Microturbines are the least-cost option to assure backup 
power in the event of a grid outage. The microgrid model in this study does not account for the possibility 
of using demand management to minimize power bills. Storage coupled with the proper control equipment 
and algorithms for demand management could improve its NPV by accounting for savings from arbitrage. 
This analysis will assist the Commander Navy Region Hawaii to determine specific actions to provide energy 
resiliency and self-sufficiency at Pearl Harbor.
Keywords: microgrid, microturbine, renewable energy, photovoltaic generation, electrical storage, energy stor-
age
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U.S. NAVAL OFFICER ACCESSION SOURCES: PROMOTION 
PROBABILITY AND EVALUATION OF COST
Matthew Sharra–Lieutenant, United States Navy
Master of Business Administration
Advisor: Ryan Sullivan, Defense Resources Management Institute
Co-Advisor: Jesse Cunha, Graduate School of Business and Public Policy
This thesis explores the promotion probability to lieutenant commander (O-4) and commander (O-5) of major 
naval officer accession sources. This is important because there have been few studies to analyze the possible 
correlation of promotion relating to accession source and cost effectiveness. I used multivariate regression to 
examine the possibility of promotion of naval officers from the United States Naval Academy (USNA), Naval 
Reserve Officer Training Corps, and Officer Candidate School (OCS) who commissioned between fiscal years 
1990 and 2000. My results showed OCS officers, on average, had a higher probability of promotion to O-4 
and USNA officers, on average, had a higher probability of promotion to O-5. My regression also showed of-
ficers with graduate degrees, on average, had an increased probability of promotion in comparison to those 
who did not. OCS officer accessions had lower marginal costs due to shortened training timelines and post-
commissioning training costs were similar for all three sources.
Keywords: naval officer accession, promotion, probability
MORALE AND PRODUCTIVITY
Jason Shaw–Lieutenant, United States Navy
Daniel Stayton–Lieutenant, United States Navy
Master of Business Administration
Advisor: Jesse Cunha, Graduate School of Business and Public Policy
Co-Advisor: Ryan Sullivan, Defense Resources Management Institute
This research establishes methodology to measure morale as a function of productivity. Relationships between 
morale, ability, training, and experience are linked to productivity so that managers can incentivize employee 
productivity more precisely. The data from this survey are effective at the individual level, but are more useful 
on an aggregate scale, using a theoretical regression. The survey and regression are theoretical, and provide 
managers valuable information about employees’ productivity and factors that affect it over time. Follow-on 
research should test the survey’s viability, adjust data collection procedures and the regression equation, and 
examine the cost-benefit analysis of modeling morale.
Keywords: morale, productivity, labor, personnel, surveys
AWARD FEES AND THEIR RELATIONSHIP TO CONTRACT SUCCESS
Bran Sherman–Lieutenant Commander, United States Navy
Jonathan Lipscomb–Major, United States Army
Master of Business Administration
Advisor: Rene Rendon, Graduate School of Business and Public Policy
Co-Advisor: Karen Landale, Graduate School of Business and Public Policy
Second Reader: Raymond Jones, Department of Systems Engineering
Award fee contracts are applicable when objective criteria are neither feasible nor effective. They were heav-
ily used to incentivize contractor performance in the procurement of major defense acquisition programs 
(MDAPs) until 2005, when the Government Accountability Office (GAO) released Report 06–66. The report 
caused the Department of Defense to shy away from using award fee contracts, resulting in a usage decrease 
by 46% in 2007 and 85% in 2008. The purpose of this research is to determine whether a relationship exists 
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between award fee contracts and contract success as measured by earned value management (EVM) or con-
tractor performance ratings. Data was collected from a sample of contracts from a major Navy command. Six 
contract observations were identified as successful contracts, with one contract being labeled a failure. Further 
analysis showed a positive correlation between award fee decisions and contractor performance ratings on the 
successful contracts. Although the findings are encouraging, they were not statistically significant due to the 
small sample size.
Keywords: defense acquisition, contracting, defense contracting, award fee, contractor performance rating, 
earned value management, GAO Report 06–66
STUDY OF MANAGERIAL CHALLENGES CONFRONTING A NEW AGENCY: 
THE CASE OF THE MALAYSIAN MARITIME ENFORCEMENT AGENCY
Eris Tajudin–Civilian, Malaysian Administrative & Diplomatic Service
Master of Business Administration
Advisor: Robert McNab, Defense Resources Management Institute
Co-Advisor: Ryan Sullivan, Defense Resources Management Institute
The government of Malaysia decided to establish a new dedicated agency for law enforcement in the Malay-
sian Maritime Zone, in addition to the existing 12 agencies. The agency was formally established in May 2004 
with the enactment of the Malaysian Maritime Enforcement Agency (MMEA) Act of 2004 (Act 633). During 
its inception, the MMEA was intentionally placed under the Prime Minister’s Department in anticipation of 
having to overcome any potential obstacles, and to expedite all legal requirements and financial allocations 
within the stipulated 18-month operational readiness timeframe. The decision to place the MMEA under 
the supervision of the Prime Minister’s Department proved successful when the deadline was met, and the 
MMEA managed to commence operations in November 2005. The purpose of this project is to study the 
effectiveness of the MMEA as an operational agency for Law Enforcement and Search & Rescue under the 
Prime Minister’s Department. The project looks at the reporting line of structure for Coast Guards in the 
United States, India, New Zealand, and Japan, and makes comparisons with the MMEA. These findings will 
help identify the shortcomings in the MMEA and in particular explain the concept of inclusiveness for the 
MMEA to be successful and effective, as envisioned by its stakeholders.
Keywords: organizational structure, Malaysian Maritime Enforcement Agency, Coast Guard, Malaysia.
INCREASING THE EFFECTIVENESS OF NAVY RETENTION COMPENSATION 
BY EVALUATING DIFFERENT AUCTION COMPENSATION FORMATS
This paper has been recognized as outstanding by its department.
Terry Triplett–Lieutenant, United States Navy
Michael Winters–Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Noah Myung, Graduate School of Business and Public Policy
Second Reader: William Gates, Graduate School of Business and Public Policy
With the U.S. military under intense scrutiny to cut costs, the Department of Defense must determine ways 
to use its limited resources more efficiently. One financial incentive ripe for change is the retention bonus. 
This compensation tool, used by the military to retain highly qualified individuals, could be harnessed more 
effectively with an auction mechanism for distribution. This thesis studies three different types of auctions, 
and examines which auction would be utilized best by the government as a retention tool. The three auctions 
analyzed were a sealed bid-discriminatory auction, a sealed bid-uniform auction and a sequential bid-uniform 
auction. The results of the experiment showed that discriminatory auctions fared best overall. Sealed bid-dis-
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criminatory auctions had a significant savings of 5.1% over sealed bid-uniform auctions and a 10.1% savings 
over sequential bid-uniform auctions.

















Meteorology and Physical Oceanography










MASTER OF SCIENCE  
IN  
APPLIED MATHEMATICS
A STUDY INTO DISCONTINUOUS GALERKIN METHODS 
FOR THE SECOND ORDER WAVE EQUATION
Benjamin Davis–Captain, United States Army
Master of Science in Applied Mathematics
Advisor: Jeremy Kozdon, Department of Applied Mathematics
Co-Advisor: Lucas Wilcox, Department of Applied Mathematics
There are numerous numerical methods for solving different types of partial differential equations (PDEs) 
that describe the physical dynamics of the world. For instance, PDEs are used to understand fluid flow for 
aerodynamics, wave dynamics for seismic exploration, and orbital mechanics. The goal of these numerical 
methods is to approximate the solution to a continuous PDE with an accurate discrete representation. The 
focus of this thesis is to explore a new Discontinuous Galerkin (DG) method for approximating the second 
order wave equation in complex geometries with curved elements. We begin by briefly highlighting some of 
the numerical methods used to solve PDEs and discuss the necessary concepts to understand DG methods. 
These concepts are used to develop a one- and two-dimensional DG method with an upwind flux, boundary 
conditions, and curved elements. We demonstrate convergence numerically and prove discrete stability of the 
method through an energy analysis.
Keywords: discontinuous Galerkin, acoustic wave equation, finite element method, numerical methods for 
PDEs
DISCOVERY AND OPTIMIZATION OF LOW-STORAGE RUNGE-KUTTA METHODS
Matthew Fletcher–Captain, United States Army
Master of Science in Applied Mathematics
Advisor: Lucas Wilcox, Department of Applied Mathematics
Co-Advisor: Jeremy Kozdon, Department of Applied Mathematics
Runge-Kutta (RK) methods are an important family of iterative methods for approximating the solutions of 
ordinary differential equations (ODEs) and differential algebraic equations (DAEs). It is common to use an 
RK method to discretize in time when solving time dependent partial differential equations (PDEs) with a 
method-of-lines approach as in Maxwell’s Equations. Different types of PDEs are discretized in such a way 
that could result in a high dimensional ODE or DAE. We use a low-storage RK (LSRK) method that stores 
two registers per ODE dimension, which limits the impact of increased storage requirements. Classical RK 
methods, however, have one storage variable per stage. In this thesis we compare the efficiency and accuracy 
of LSRK methods to RK methods. We then focus on optimizing the truncation error coefficients for LSRK 
to discover new methods. Reusing the tools from the optimization method, we discover new methods for low-
storage half-explicit RK (LSHERK) methods for solving DAEs.
Keywords: low-storage Runge-Kutta (LSRK),stability region, Maxwell’s equations, half-explicit Runge-Kutta 
(HERK), low-storage half-explicit runge-kutta (LSHERK), differential algebraic equation (DAE)
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OPTIMAL DESIGN OF PIEZOELECTRIC MATERIALS 
FOR MAXIMAL ENERGY HARVESTING
Russell Nelson–Captain, United States Army
Master of Science in Applied Mathematics
Advisor: Hong Zhou, Department of Applied Mathematics
Second Reader: Susan Sanchez, Department of Operations Research
The military’s dependence on fossil fuels for electric power production in isolated settings is both logistically 
and monetarily expensive. Currently, the Department of Defense is actively seeking alternative methods to 
produce electricity, thus decreasing dependence on fossil fuels and increasing combat power. We believe piezo-
electric generators have the ability to contribute to military applications of alternative electrical power genera-
tion in isolated and austere conditions. In this paper, we use three and six variable mathematical models to 
analyze piezoelectric generator power generation capabilities. Using mk factorial sampling, nearly orthogonal 
and balanced Latin hypercube (NOBLH) design, and NOBLH iterative methods, we find optimal solutions 
to maximize piezoelectric generator power output. We further analyze our optimal results using robustness 
analysis techniques to determine the sensitivity of our models to variable precision. With our results, we pro-
vide analysts and engineers the optimal designs involving material parameters in the piezoelectric generator, 
as well as the generator’s environment, in order to maximize electric output.
Keywords: piezoelectric power optimization, nearly orthogonal and balanced Latin hypercube design, facto-
rial sampling, nearly orthogonal and balanced Latin hypercube design iterative method, robustness analysis
EVALUATING THE LIMITS OF NETWORK TOPOLOGY INFERENCE 
VIA VIRTUALIZED NETWORK EMULATION
This paper has been recognized as outstanding by its department.
Erik Rye–Captain, United States Marine Corps
Master of Science in Computer Science and Master of Science in Applied Mathematics
Advisor: Robert Beverly, Department of Computer Science
Co-Advisor: Ralucca Gera, Department of Applied Mathematics
Second Reader: Justin Rohrer, Department of Computer Science
The Internet measurement community is beset by a lack of ground truth, or knowledge of the real, underlying 
network in topology inference experiments. While better tools and methodologies can be developed, quantify-
ing the effectiveness of these mapping utilities and explaining pathologies is difficult, if not impossible, with-
out knowing the network topology being probed. In this thesis we present a tool that eliminates topological 
uncertainty in an emulated, virtualized environment. First, we automatically build topological ground truth 
according to various network generation models and create emulated Cisco router networks by leveraging and 
modifying existing emulation software. We then automate topological inference from one vantage point at a 
time for every vantage point in the network. Finally, we incorporate a mechanism to study common sources of 
network topology inference abnormalities by including the ability to induce link failures within the network. 
In addition, this thesis reexamines previous work in sampling Autonomous System-level Internet graphs to 
procure realistic models for emulation and simulation. We build upon this work by including additional data 
sets, and more recent Internet topologies to sample from, and observe divergent results from the authors of 
the original work. Lastly, we introduce a new technique for sampling Internet graphs that better retains par-
ticular graph metrics across multiple timeframes and data sets.
Keywords: network emulation, graph sampling, topology inference, network measurement
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MODELING AND INVESTIGATION OF HEAVY OXIDE AND 
ALKALI-HALIDE SCINTILLATORS FOR POTENTIAL USE IN 
NEUTRON AND GAMMA DETECTION SYSTEMS
Jeremy Cadiente–Ensign, United States Navy
Master of Science in Applied Physics
Advisor: Craig Smith, Department of Physics
Second Reader: Tim Goorley, Los Alamos National Lab
Heavy inorganic oxide and alkali-halide crystals, which previous experimental research has indicated to have 
fast neutron detection efficiencies well over 40%, were investigated for potential use as highly efficient gam-
ma-neutron radiation detectors. The Monte Carlo N-Particle radiation transport code (MCNP) was used to 
characterize the radiation interactions in a candidate set of crystals, including Bismuth Germanate (BGO), 
Lead Tungstate (PWO), Cadmium Tungstate (CWO), Zinc Tungstate (ZWO), Cerium-doped Lutetium-Gado-
linium Orthosilicate (LGSO:Ce), and Cerium doped Lutetium-Aluminum Garnet (LuAG:Ce). Specific detec-
tion systems proposed and studied in the laboratory were also modeled and assessed. The candidate crystal set 
proved to be most susceptible to energy deposition from incident gamma quanta below 0.7 MeV and above 4 
MeV, most likely due to photoelectric absorption and pair production, respectively. Inelastic and elastic scat-
tering proved to be about 98% of the total neutron interactions from a Plutonium Beryllium (PuBe) neutron 
source, about a fourth of which were inelastic scattering. Various components of the detector configuration 
were evaluated in detail. The crystal dimensions and moderation especially affected detector efficiency, which 
showed potential for detection efficiencies comparable to experimental data.
Keywords: inelastic scattering, neutron radiation, gamma radiation, inorganic scintillators, MCNP, detection 
efficiency, neutron detection
UNMANNED SYSTEMS: A LAB-BASED ROBOTIC ARM FOR GRASPING
Jacinto Arturo–Lieutenant, United States Navy
Master of Science in Applied Physics
Advisor: Richard Harkins, Department of Physics
Second Reader: Peter Crooker, Department of Physics
This thesis implements the development of a Robotic Manipulation Laboratory to explore learning opportu-
nities for various student experiments including the initial selection, startup and development of the Robotic 
arm and glove controller. The Robotic Manipulation Laboratory consists of a 6 Degree of Freedom robotic 
arm and a resistive glove controller that allows students to achieve hands-on understanding of the physics 
required to fabricate and maneuver a robotic arm. The Kinova JACO robotic arm was selected for its smooth 
operation, the ability to alter operational speed and open source programming examples. We chose a glove 
controller for ease of training and human-like efficiency. Testing on the JACO arm was completed. The JACO 
software was installed and verified for standalone operations within its range of motion. Tests on glove/arm 
interaction in the Robotic Operating System were completed and proved ineffective. Experiments with flex 
sensors on the glove for normal hand movements were completed and were successful.
Keywords: robotic arm, glove controller, dynamics, DH parameters
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CHARACTERIZATION OF A CONTINUOUS WAVE LASER FOR RESONANCE 
IONIZATION MASS SPECTROSCOPY ANALYSIS IN NUCLEAR FORENSICS
Sunny Lau–Lieutenant Commander, United States Navy
Master of Science in Applied Physics
Advisor: Craig Smith, Department of Physics
Co-Advisor: Dragoslav Grbovic, Department of Physics
The application of resonance ionization mass spectroscopy (RIMS) to nuclear forensics involves the use of 
lasers to selectively ionize elements of concern. While current systems incorporate pulsed lasers for analysis of 
debris from nuclear detonation, the possibility exists to consider using continuous wave, or CW lasers RIMS 
has the potential to provide rapid quantification of isotope ratios of important elements in debris from nuclear 
detonation. The current approach to ionize uranium and plutonium uses three Ti-Sapphire pulsed lasers ca-
pable of a fundamental wavelength range of 700–1000 nm to perform ionization in three steps. This thesis 
evaluates the use of COTS CW laser to replace one of the pulsed lasers exciting the second resonance step of 
plutonium near 847.282 nm. The thesis research consists of three elements: (1) completion of an initial feasi-
bility study to determine the viability of the COTS CW alternative, (2) identification and acquisition of a can-
didate COTS laser, and (3) testing to evaluate the critical laser parameters necessary to achieve high precision 
isotope ratio measurements including the stability over time of the mean wavelength, bandwidth and spectral 
mode purity. This narrower bandwidth COTS CW laser may enable simpler operations, greater robustness and 
better utilization of the available laser irradiance.
Keywords: RIMS, resonance ionization, mass spectroscopy, nuclear forensics, continuous wavelength laser, 
CW, plutonium, COTS, isotope, characterization
ADVANCED QUANTIFICATION OF PLUTONIUM IONIZATION 
POTENTIAL TO SUPPORT NUCLEAR FORENSIC EVALUATIONS 
BY RESONANCE IONIZATION MASS SPECTROMETRY
Craig Lensegrav–Lieutenant, United States Navy
Master of Science in Applied Physics
Advisor: Craig Smith, Department of Physics
Co-Advisor: Brett Isselhardt, LLNL
Ongoing work seeks to apply the technology of resonance ionization mass spectrometry (RIMS) to problems 
related to nuclear forensics and, in particular, to the analysis and quantification of the debris from nuclear 
detonations. As part of this effort, modeling and simulation methods are being applied to analyze and predict 
the potential for ionization by laser excitation of isotopes of both uranium and plutonium. Early work focused 
on the ionization potential of isotopes of uranium, and the present effort has expanded and extended the pre-
vious work by identifying and integrating new data for plutonium isotopes. In addition to extending the effort 
to this important new element, the work described in this thesis implemented more accurate descriptions of 
the spatial distribution of the laser beams to improve the accuracy of model predictions compared with ex-
perimental results as well as an ability to readily incorporate new experimental data as they become available. 
The model is used to estimate ionization cross sections and to compare the relative excitation potential for two 
isotopes as a function of wavelength, irradiance, and bandwidth.
Keywords: plutonium, RIMS, model, resonance laser
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THE DESIGN AND CONSTRUCTION OF A LONG-DISTANCE 
ATMOSPHERIC PROPAGATION TEST CHAMBER
Roberto Torrealba–Ensign, United States Navy
Master of Science in Applied Physics
Advisor: Keith Cohn, Department of Physics
Second Reader: Joseph Blau, Department of Physics
The experiment for this thesis first involved using a laser modeling tool called ANCHOR to compare two 
100kW lasers in a potential operational theater, one with a wavelength of 1.0642 μm, and the other with a 
wavelength of 1.5314 μm. This modeling illustrated that the laser’s effective range can be greatly reduced due 
to haze or humidity (or both), depending on its lasing wavelength. The second part of this thesis describes a 
multi-pass spectroscopic experimental setup that employs a White cell, which can be used to measure atmo-
spheric extinction coefficients in a controlled manner. The first results from this setup produced consistent, 
comparable atmospheric extinction values.
Keywords: directed energy weapons, high energy lasers, atmospheric propagation, white cell chambers
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INFERRING THE PRESENCE OF REVERSE PROXIES THROUGH TIMING ANALYSIS
This paper has been recognized as outstanding by its department.
Daniel Alexander–Major, United States Army
Master of Science in Computer Science
Advisor: Geoffrey Xie, Department of Computer Science
Co-Advisor: Robert Beverly, Department of Computer Science
This thesis presents a method for inferring the presence of a reverse proxy server using packet timing analysis 
from the vantage point of a client system. This method can determine whether Internet users are receiving 
web content from the actual source or from some potentially spoofed proxy device; leading to better risk as-
sessment and understanding of the cyber terrain. By using only the measurement and comparison of three-way 
handshake and content request/delivery packet round trip times, we identify an accurate classifier that detects 
the presence of a reverse proxy server with over 98% accuracy. This is an improvement over other inference 
methods because all measurements can be done from an external client machine. A secondary yet significant 
contribution is the robust data set that was produced as a result of this research. We have collected a set of 
over 6 million data points from a known set of 30 globally dispersed machines, which was instrumental in our 
research efforts and will be used for further studies and exploration.
Keywords: active measurement, timing analysis, reverse proxy, machine learning, inference, classification
C2 AT THE EDGE: OPERATING IN A DISCONNECTED 
LOW-BANDWIDTH ENVIRONMENT
This paper has been recognized as outstanding by its department.
Alexander Beachy–Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: John Gibson, Department of Computer Science
A practical solution to providing effective command, control, and communications (C3) information from 
the warfighting commander to the edge of the battle space involves using light-weight, handheld devices 
connected on wireless networks; however, infrastructure-based wireless networks, especially at the edge, are 
characterized by wildly fluctuating bandwidth, intermittent connectivity, and unreliable connectedness of 
mobile clients. Combat units require connectivity of smart devices that is resilient to the dynamic changes of 
network topology yet can still provide timely dissemination of communications and intelligence so that warf-
ighters may succeed on the battlefield. This thesis aims to create a communications network of smart devices, 
using their embedded Bluetooth communications capability. This thesis tests the throughput of the system 
at the maximum connection distances between devices. It explores the systems capability to properly process 
and forward network and communications traffic. Lastly, it evaluates the system’s ability to adjust to device 
connection loss while maintaining connections already established and rebuilding connections with devices 
within connectivity range. The developed application offers a communications network that adapts to device 





loss by adjusting the network topology while still providing the users with real-time chat capability of all lo-
cally available devices.
Keywords: infrastructure-less, mobile, network, Bluetooth, scatternet, real-time chat, Android, smart device
INVESTIGATING THE IMPLEMENTATION OF KNOWLEDGE 
REPRESENTATION IN THE COMBATXXI SYSTEM
Mongi Bellili–Captain, Tunisian Army
Master of Science in Computer Science
Advisor: Imre Balogh, MOVES Institute
Co-Advisor: Curtis Blais, MOVES Institute
Combat models and simulations aim to find a balance between complexity and simplicity: Both oversimplifi-
cation and too much detail can lead to erroneous findings. In simulations that require representation of human 
behavior, modelers rely on prior scripting to find the balance. However, this technique cannot depict dynamic 
behavior during the simulation run. This inadequate representation of entity behavior can cause misleading or 
incomplete results. This thesis investigates the implementation of knowledge representation in combat models 
in order to enhance entity behavior. The new method does not try to include more details in the model than 
the scripting method, but it tries to enhance the entity decision making to create more realistic outcomes. A 
knowledge base along with reasoning capabilities was linked to a combat model to mimic the memory and the 
brain of an entity. To demonstrate the feasibility of this approach, an ontology development tool called Protégé 
was linked to a combat model called COMBATXXI. Besides achieving dynamic behavior, the new method 
has other advantages over previous approaches such as better separation of specification and implementation, 
loosely-coupled components to allow code reuse, use of well-established reasoners for free, and exploitation 
of partially-sensed information.
Keywords: human behavior, scripting, dynamic behavior, knowledge representation, ontology, Protégé, COM-
BATXXI
ANALYSIS OF CLOUD-BASED DATABASE SYSTEMS
Matthew Clyman–Civilian, Department of the Navy
Master of Science in Computer Science
Advisor: Geoffrey Xie, Department of Computer Science
Second Reader: Arijit Das, Department of Computer Science
To take advantage of cloud computing benefits that boost an enterprise’s efficiency, innovation, and cost sav-
ings, the Department of Defense’s (DOD) cloud computing strategy needs to evaluate databases as a service. 
If the DOD is going to prioritize outsourced database server hosting, each application’s performance and 
agility of each must be assessed to determine if they can thrive in this new environment. We performed an 
experiment to compare the performance between a current Naval Postgraduate School standalone database 
server and a cloud version developed specifically for the experiment. The cloud environment was created both 
with resources less equal to and greater than the live standalone server. We simulated cloud environment traf-
fic based on the type of queries observed in production and collected data to compare its performance against 
the standalone database. The results show that the cloud database performed similarly to or better than our 
standalone server, with equivalent resources. It achieved this level of performance without utilizing additional 
resources. We increased the resources dedicated to our cloud environment to test scalability, and we witnessed 
that the time needed to execute queries decreased significantly. We therefore concluded that our database 
would perform and scale favorably in a cloud environment.
Keywords: database, cloud database, private cloud, performance analysis, SQL Profiler, Performance Monitor
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MALICIOUS ACTIVITY SIMULATION TOOL (MAST) AND TRUST
Brian Diana–Civilian, Department of the Navy
Master of Science in Computer Science
Advisor: Karen Burke, Department of Computer Science
Co-Advisor: John Gibson, Department of Computer Science
Second Reader: Gurminder Singh, Department of Computer Science
Malicious Activity Simulation Tool (MAST) provides an on-the-job-training medium for information system 
operators to practice responding to cyber threats simulated on the operational information systems that they 
manage day-to-day. Because MAST has the capability to simulate various cyber attacks, it is important to 
measure the risk the system poses to the information systems on which it will operate. This thesis analyzes 
MAST’s security posture and proposes potential solutions to any vulnerability discovered in that analysis. The 
analysis is based on a Security Control Assessment (SCA) utilizing the Defense Information Systems Agen-
cy Application Security and Development Security Technical Implementation Guide. Following the SCA, a 
threat model is used to determine mitigations to technical findings. Outputs from this research will enable a 
more secure implementation of MAST.
Keywords: malware, network security, training, Security Control Assessment, threat model
MULTI-RESOLUTION PLAYBACK OF NETWORK TRACE FILES
This paper has been recognized as outstanding by its department.
Scott Fortner–Major, United States Marine Corps
Master of Science in Computer Science
Advisor: Geoffrey Xie, Department of Computer Science
Co-Advisor: Justin Rohrer, Department of Computer Science
Marine Corps Tactical Systems Support Activity (MCTSSA) has put forth a requirement for a non-proprietary 
network traffic replay system that is user friendly and can provide both replay of a network trace file as well as 
replay based on a statistical model of a network trace file. This thesis attempts to create such a system and to 
fulfil the requirements set forth by MCTSSA. The system performs as much preprocessing of data as possible, 
to include loading packet data into a database and creating binary copies of replay packets, which facilitates 
performing replays multiple times without repetitive processing work. The final system proved to accurately 
reproduce a capture file with a trace-based replay, while maintaining TCP semantics and the ability to match 
high volumes of traffic. The major limitation is the need to potentially sacrifice timing accuracy in order to 
maintain TCP semantic integrity. To accommodate different user implementations, the system supports an 
option to place the priority on either sequencing or timing, which will guarantee one at the possible expense 
of the other. Lastly, the statistical model generated from characteristics of the original trace proved to ac-
curately model the original capture and provide for a user-defined replay length. In the end, the MCTSSA 
requirements were met and further expansion and enhancements were identified to improve performance and 
usefulness of the system.




MAPPING, AWARENESS, AND VIRTUALIZATION NETWORK ADMINISTRATOR 
TRAINING TOOL (MAVNATT) ARCHITECTURE AND FRAMEWORK
Daniel McBride–Major, United States Marine Corps
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: John Gibson, Department of Computer Science
Tactical networks are becoming more critical in maintaining centers of gravity for military operations as 
cyberspace becomes contested at all levels of war. As a result, the growth of network centric operations and 
increased operational tempo in the cyber domain has created a significant training gap for tactical network 
administrators. This research suggests that a computer-based environment can integrate the operational net-
work and a training network into the same system to allow tactical network administrators to concurrently 
administer the network and conduct realistic training on an identical virtual network. A review of commercial 
and open-source tools identifies the baseline for an architecture and framework for this system. The architec-
ture consists of a modular design comprised of mapping, awareness, and virtualization modules. The frame-
work integrates these modules by defining a network topology format, programming language, graphical user 
interface solution, and virtualization solution. This research concludes by providing an implementation that 
demonstrates desired capabilities. While we demonstrate that the project goals are attainable, there is a need 
for further research and development to deploy this capability to fleet units.
Keywords: network administrator training, network management, network virtualization, tactical network 
topology, rapid network design, modeling and simulation
EVALUATING THE LIMITS OF NETWORK TOPOLOGY INFERENCE 
VIA VIRTUALIZED NETWORK EMULATION
This paper has been recognized as outstanding by its department.
Erik Rye–Captain, United States Marine Corps
Master of Science in Computer Science and Master of Science in Applied Mathematics
Advisor: Robert Beverly, Department of Computer Science
Co-Advisor: Ralucca Gera, Department of Applied Mathematics
Second Reader: Justin Rohrer, Department of Computer Science
The Internet measurement community is beset by a lack of ground truth, or knowledge of the real, underlying 
network in topology inference experiments. While better tools and methodologies can be developed, quantify-
ing the effectiveness of these mapping utilities and explaining pathologies is difficult, if not impossible, with-
out knowing the network topology being probed. In this thesis we present a tool that eliminates topological 
uncertainty in an emulated, virtualized environment. First, we automatically build topological ground truth 
according to various network generation models and create emulated Cisco router networks by leveraging and 
modifying existing emulation software. We then automate topological inference from one vantage point at a 
time for every vantage point in the network. Finally, we incorporate a mechanism to study common sources of 
network topology inference abnormalities by including the ability to induce link failures within the network. 
In addition, this thesis reexamines previous work in sampling Autonomous System-level Internet graphs to 
procure realistic models for emulation and simulation. We build upon this work by including additional data 
sets, and more recent Internet topologies to sample from, and observe divergent results from the authors of 
the original work. Lastly, we introduce a new technique for sampling Internet graphs that better retains par-
ticular graph metrics across multiple timeframes and data sets.
Keywords: network emulation, graph sampling, topology inference, network measurement
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Master of Science in Contract Management
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Co-Advisor: Richard Nalwasky, Contracting & Logistics
The objective of this project is to examine the current Small Business Administration 8(a) Business Devel-
opment Program related to contracts awarded by the United States government. As a result of this project, 
the United States government will gain perspective on the utilization and effectiveness of the 8(a) program. 
The intent of the Small Business Administration 8(a) Business Development Program is to help socially and 
economically disadvantaged small businesses gain access to federal contracting opportunities. Government 
Accountability Office and Inspector General official reports suggest that the 8(a) program lacks manage-
ment oversight and is susceptible to fraud, waste, and abuse. This research provides an analysis of contracts 
awarded under the 8(a) program by the Department of Defense in the United States from fiscal years 2008 
through 2014. This research analyzes whether or not the 8(a) program’s industrial base is expanding and if the 
program is being abused by private industry. Further analysis of randomly selected contracts is conducted to 
analyze if the contracts were awarded to certified 8(a) contractors and identify if the program is being utilized 
as intended.
Keywords: 8(a), Department of Defense, California, sole-source, fraud
THE RIGORS OF ALIGNING PERFORMANCE
Andrew Hart–Civilian, Department of the Navy
James Lucas–Civilian, Department of the Navy
Master of Science in Contract Management
Advisor: Raymond Jones, Department of Systems Engineering
Co-Advisor: Mark Geronime, NAVFAC NW
This Joint Applied Project addresses what can be done within the Naval Facilities Engineering Command 
Northwest community to better align its goals among competing interests from various stakeholders, while 
balancing the operational and regulatory constraints that often conflict with stakeholder goals and objectives. 
As a cross-functional organization, competing interests among the various business lines, support lines, and 
other stakeholders often result in a disconnect between how the command defines success compared to how 
other stakeholders define success. Methodology includes a literature review, employee and customer surveys 
and a Strength, Weaknesses, Opportunities, Threats analysis. It was found that the extent of fit among per-
formance goals aligned with higher Naval and national goals was normal when considering the organization’s 
strategic issue identification process and dissemination. However, the extent of goal accomplishment appeared 
to be lacking in some areas when bearing in mind customer perceptions. Recommendations include employee 
training centered on goal alignment, which is vital to highlight the importance of the organization’s goals. 
To better align the commands goals with departmental goals, setting and continuously communicating goals 
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and goal achievement to every department is needed. Organizational goals would benefit if given the same 
emphasis the command places on the goal of safety.
Keywords: performance goals, goal alignment
THE NEW DOD INSTRUCTION 5000.02: AN ANALYSIS 
OF THE EFFICIENCIES TO BE GAINED
Michael Kusnerak–Major, United States Marine Corps
Master of Science in Contract Management
Advisor: Raymond Jones, Department of Systems Engineering
Co-Advisor: Jeff DeCarlo, Voletude
Co-Advisor: James Wong, United States Navy
In November 2013, the Deputy Secretary of Defense issued a memorandum titled Defense Acquisition, which 
stated that the 2008 version of the DOD Instruction (DODI) 5000.02 required revision in order to create an 
acquisition policy environment that will achieve greater efficiency and productivity in defense spending, and 
effectively implement the Defense Department’s Better Buying Power initiatives. A year later, the Interim 
DODI 5000.02 was issued and required for use, and the final instruction was signed into effect in January 
2015. While the new instruction canceled six directive-type memorandums and reportedly incorporated them 
in the new instruction, efficiencies are not easily identified. This research provides an analysis of the new 
DODI 5000.02 and the Better Buying Power initiatives. It was discovered that the efficiencies to be gained 
have not been properly identified. It is left for interpretation what those efficiencies are. If they are decreased 
costs and schedules, the metrics used in this research, they have not been achieved to date. Proper metrics for 
these efficiencies need to be formulated and articulated to the defense acquisition workforce.
Keywords: defense acquisition system, acquisition instructions, 5000.02
THE APPLICABILITY OF PERFORMANCE-BASED ACQUISITION 
TECHNIQUES TO LEVEL-OF-EFFORT SERVICES CONTRACTS
Bryan Mansfield–Civilian, Space and Naval Warfare Systems Center Pacific
Master of Science in Contract Management
Advisor: Don Mansfield, Defense Acquisition University
Co-Advisor: Keith Snider, Graduate School of Business and Public Policy
This research paper explores the use of performance-based acquisition (PBA) techniques when contracting 
for services on a level-of-effort (LOE) basis. The research explores how often and how effectively these two 
concepts are used together in the Navy. This paper examines the following questions: Question #1: Can PBA 
techniques and LOE contract types be used together effectively, or is there a natural conflict between these 
two approaches? Question #2: Why does the Navy attempt to use PBA techniques for LOE contracts? Ques-
tion #3: What are the consequences of using PBA techniques for LOE contracts? An analysis of 50 contracts 
for services revealed that the Navy ineffectively applies PBA techniques to LOE contracts. A review of policy 
and regulations demonstrated that PBA and LOE are fundamentally incompatible contracting approaches. 
The study suggests possible explanations for why the Navy attempts to combine PBA and LOE and explores 
the consequences of doing so. This paper recommends that acquisition policy-makers at all levels make clear 
that PBA and LOE are dichotomous choices.
Keywords: services, contracting, performance-based, performance, PBA, level-of-effort, LOE.
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ACQUISITION QUALITY IMPROVEMENT WITHIN NAVAL 
FACILITIES ENGINEERING COMMAND SOUTHWEST
Jessica Nelson–Civilian, Department of the Navy
Ken Thomas–Civilian, Department of the Navy
Master of Science in Contract Management
Advisor: E. Cory Yoder, Graduate School of Business and Public Policy
Co-Advisor: Linda Banfield, Department of the Navy
Co-Advisor: Richard Nalwasky, Contracting & Logistics
The purpose of this project is to identify and analyze Process Management and Audit Program (PMAP) re-
sults for Naval Facilities Command, Southwest (NAVFAC SW). The goal is to identify reoccurring contract 
deficiencies and issues using the Six Phases of Contract Management Process as a guide to target areas for 
improvement, in order to provide a comprehensive process review, with recommendations for future contract-
ing process improvements at NAVFAC SW. It will be to management’s advantage to share these results with 
their acquisition workforces in order to help increase acquisition compliance and reduce the recurring find-
ings, with the overall goal of reducing the exposure to risk. During this project, it was discovered that there 
are 14 recurring PMAP findings that need to be addressed. Suggestions are offered to help get these problems 
under control. It was also suggested that in 24 to 36 months, an NPS student conduct similar research to see 
whether there has been PMAP improvement, so that the work of contract process improvement will continue 
to go forward at NAVFAC SW.
Keywords: NAVFAC SW, PMAP, acquisition quality
LPTA VERSUS TRADEOFF: HOW PROCUREMENT METHODS 
CAN IMPACT CONTRACT PERFORMANCE
Kathleen Watson–Civilian, Department of the Army
Master of Science in Contract Management
Advisor: Rene Rendon, Graduate School of Business and Public Policy
Co-Advisor: Karen Landale, Graduate School of Business and Public Policy
Early in the procurement planning process, the acquisition team determines the method of proposal evalua-
tions that will be used during source selections. The most frequently used methods are lowest price technically 
acceptable (LPTA) and tradeoff. LPTA is typically used when requirements are well-defined and participants 
in the evaluation have sufficient knowledge to confidently choose a technically acceptable proposal. Con-
versely, tradeoff-based evaluations are employed when the evaluators are not as certain about the requirements 
and utilize non-cost factors to negotiate with offerors. For requiring offices, LPTA can be an easier method if 
the requirements are well-defined and commercially available, but they may find performance and deliverables 
after award to be acceptable rather than outstanding. Those using a tradeoff method may find that, by clearly 
defining expectations during negotiations, offerors are better able to deliver on the expectations of the acquisi-
tion team and the customer. The goal of this project is to determine whether or not there is a relationship in 
U.S. Army contracts between the method of procurement (LPTA versus tradeoff source selection methods) 
and the quality of the contract outcomes, to be measured by evaluation of Contract Performance Assessment 
Reports System reports.
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EXPOSING VITAL FORENSIC ARTIFACTS OF USB 
DEVICES IN THE WINDOWS 10 REGISTRY
Jason Shaver–Computer Forensic Agent, Homeland Security Investigations
Master of Science in Cyber Systems and Operations
Advisor: Neil Rowe, Department of Computer Science
Second Reader: Michael McCarrin, Department of Computer Science
Digital media devices are regularly seized pursuant to criminal investigations and Microsoft Windows is the 
most commonly encountered platform on seized computers. Microsoft recently released a technical preview 
build of their Windows 10 operating system that can run on computers, smart phones, tablets, and embedded 
devices. This work investigated the forensically valuable areas of the Windows 10 registry. The focus was on 
the Windows Registry hives affected when USB storage devices are connected to a laptop configured with 
Windows 10. Paths were identified that indicate the date/time of last insertion and removal of a thumb drive. 
Live monitoring and post-mortem forensic methodologies were used to map Registry paths containing USB 
identifiers such as make/model information, serial numbers and GUIDs. These identifiers were located in 
multiple paths in the allocated and unallocated space of the Registries analyzed.
Keywords: Windows registry, computer forensic
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SOCIOCULTURAL-GEOSPATIAL ANTHROPOLOGICAL PORTAL: 
ENHANCING SOCIOCULTURAL UNDERSTANDING THROUGH 
CROWDSOURCED SERVICE MEMBER NARRATIVES
Mark Aschenbrenner–Sergeant First Class, United States Army
Jason Koo–Major, United States Army
Daniel Toshner–Major, United States Army
Master of Science in Defense Analysis
Advisor: Michael Jaye, Department of Defense Analysis
Co-Advisor: Kristen Tsolis, Department of Defense Analysis
Despite the Department of Defense’s (DOD) investment in programs designed to advance sociocultural 
knowledge, the DOD lacks a shared repository through which all entities can aggregate, visualize, and share 
sociocultural data across the enterprise. A gap analysis of DOD’s desired and actual ability to achieve a socio-
cultural understanding reveals three shortcomings: data, repository, and collaboration. Therefore, we created a 
proof of concept that bridges the sociocultural gap by harnessing the overlooked potential of deployed service 
members and their cross-cultural experiences. Service member observations form an untapped resource of so-
ciocultural data; this existing wellspring of sociocultural information needs to be collected and indexed using 
a common framework. Residing in a geodatabase and interfaced via a crowdsourced Geographic Information 
System (GIS), this framework aggregates the collected data of service member narratives for the greater Joint 
Force, thereby creating a dynamic and collaborative living repository. Combining an anthropologically sound 
and operationally relevant framework with the capabilities of GIS results in a solution that will allow DOD 
personnel to populate, visualize, and share near-real-time cultural data relevant to military operations across 
all services. This DOD enterprise solution can enhance the nation’s armed forces’ strategic performance 
through the application of culturally adept military power.
Keywords: Department of Defense, sociocultural, geospatial, anthropological, culture, operational environ-
ment, repository, narrative, story, crowdsource, population, human terrain, human geography, decision mak-
ing, intelligence, strategic performance, human domain
GETTING IT RIGHT: REVAMPING ARMY TALENT MANAGEMENT
Brian Cook–Major, United States Army
Master of Science in Defense Analysis
Advisor: William Fox, Department of Defense Analysis
Second Reader: Heather Gregg, Department of Defense Analysis
U.S. Army officers face countless opportunity costs, especially at the mid-grade level, when deciding to stay in 
the Army past the ten-year mark of service. The scarcity of skilled labor in today’s economy makes it important 
that organizations, especially the Army, retain their human capital investment. This thesis suggests techniques 
to acquire, manage, and retain talent to ensure that the Army’s officer talent pool is not depleted. Some of the 
best corporate talent management practices are examined as an example for the Army to emulate. The thesis 
reinforces these proven techniques by examining corporate case studies, including General Electric and its 
leadership development, Sambian and its engagement, American Express and its use of talent profiles, and 
Facebook and its recruitment and retention practices. The thesis then examines current Army initiatives for 





future accession, development, retention, and employment of officer talent. The thesis concludes with recom-
mendations for Army talent management to include an officer talent profile system that would increase officer 
engagement and hold leadership accountable for the retention of its officers.
Keywords: talent management; people management; human resources; retention; talent engagement
AGHAS, SHEIKS, AND DAESH IN IRAQ: KURDISH ROBUST ACTION IN TURMOIL
Couch Christopher–Major, United States Army
Master of Science in Defense Analysis
Advisor: Sean Everton, Department of Defense Analysis
Co-Advisor: Doowan Lee, Department of Defense Analysis
The conflicts in Iraq and Syria are protracted civil wars with multi-state and non-state actors vying for influ-
ence. Iraqi Kurdistan is arguably the most important partner for the United States in our current fight against 
Daesh, which has exploited the factional politics of Iraq. Special Operations Forces (SOF) will be maintaining 
persistent engagement in the region for the foreseeable future, and must understand the formal and informal 
relational structures that underpin these conflicts. This project is a social network and social movement theory 
analysis of the power structures of Iraqi Kurdistan. It attempts to provide more awareness to Special Opera-
tions Command Central (SOCCENT) and U.S. policy makers on the patrons, influencers, and brokers that 
they can leverage in their efforts to understand and influence the Kurds. This thesis thoroughly examines the 
patronage nature of Iraqi Kurdistan since WWI and provides insight into individuals from minority groups 
and political parties that are structurally located in positions of brokerage and influence. With this informa-
tion, SOCCENT, the project’s sponsor, will be better able to understand the region. Furthermore, the con-
flicts of the future will likely involve protracted, multi-factional, intrastate civil wars, where the lessons learned 
from the Kurdish situation will serve future SOF well.
Keywords: Kurdistan, Iraq, Daesh, patronage, social network analysis, social movement theory
RUSSIAN POLITICAL WARFARE: ORIGIN, EVOLUTION, AND APPLICATION
This paper has been recognized as outstanding by its department.
Jeffrey Dickey–Lieutenant, United States Navy
Thomas Everett–Major, United States Army
Zane Galvach–Major, United States Army
Matthew Mesko–Major, United States Army
Anton V. Soltis–Major, United States Army
Master of Science in Defense Analysis
Advisor: Hy Rothstein, Department of Defense Analysis
Second Reader: Stephen Blank, American Foreign Policy Council
Russia’s annexation of the Crimean Peninsula in 2014 and subsequent activities in Eastern Ukraine are not 
isolated incidents, but rather a new form of hybrid war, or asymmetric warfare. They are part of a decades-
long and continent-spanning Russian political warfare (PW) campaign. Analysis of the origin, history, and 
evolution of Soviet/Russian PW from 1917 through today reveals that Russia is using PW to assert regional 
dominance and challenge the unipolarity of the United States and the West. A review of events in Ukraine 
demonstrates Russia is using its latest evolution of PW doctrine, the Gerasimov Model, to achieve strategic 
objectives while remaining below the military response threshold of the international community. This paper 
combines an empirical and case study review of PW, with lessons from the Cold War, to propose a conceptual 
framework and a supporting model for foreign policy makers, planners, and practitioners to better understand 
PW. Furthermore, it recommends the United States adopt a proactive PW strategy to support national policy 
objectives and counter the PW activities of Russia and other rising powers. United States Special Operations 
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Forces are well-suited for PW and will play a pivotal role in a U.S. PW strategy that encompasses all elements 
of national power and synchronizes the interagency community.
Keywords: political warfare, unconventional warfare, asymmetric warfare, hybrid warfare, Russia, Russian 
Federation, Cold War, foreign policy, national strategy, Eastern Europe, Ukraine, Donbass, Crimea, special 
operations, Gerasimov, Bezmenov
CA 2025: THE STRATEGIC DESIGN OF CIVIL AFFAIRS
Samuel Hayes–Major, United States Army
Ken Nguyen–Major, United States Army
Master of Science in Defense Analysis
Advisor: Nancy Roberts, Department of Defense Analysis
Second Reader: George Lober, Department of Defense Analysis
The goal of this capstone is the strategic redesign of the U.S. Army Civil Affairs (CA) Regiment in 2025 in 
support of the Army 2025 strategic vision. Design Thinking is the process used to plan and develop this 
strategic design. The authors led a twenty-person Civil Affairs design team through the five-phase process of 
Design Thinking adapted from the Stanford D School model: discovery; problem framing; ideation; prototyp-
ing; and testing. Design Thinking’s collaborative and multidisciplinary approach to planning yielded innova-
tive prototypes of CA identity, strategic messaging, branding, human resource management (e.g., recruitment, 
selection, training, and professionalization) and force structure. Two of these prototypes are in the initial 
stages of implementation within the CA Regiment, while the others await higher resolution development. The 
capstone concludes with recommendations as to how the Regiment can build on this creative and innovative 
endeavor to ensure its strategic relevance in the future.
Keywords: civil affairs, design thinking, Army 2025, strategic design, collaboration, innovation
COUNTERING EXTREMISM: AN UNDERSTANDING OF THE 
PROBLEM, THE PROCESS AND SOME SOLUTIONS
Christopher Haynes–Major, United States Army
Joshua Mangas–Major, United States Army
Master of Science in Defense Analysis
Advisor: Heather Gregg, Department of Defense Analysis
Second Reader: George Lober, Department of Defense Analysis
This thesis proposes a framework for analyzing an individual’s path to violent extremism. The CITIG frame-
work (crisis, identity, ties, indoctrination, and grievances) offers a four-stage process of radicalization that be-
gins with a personal crisis (Stage One), the construction of a new identity (Stage Two), activism (Stage Three), 
and the preparation and execution of a criminal or violent attack (Stage Four). This thesis begins by offering 
working definitions of key terms, and then uses the proposed CITIG framework along with the Violent Ex-
tremist Risk Assessment instrument to analyze four U.S.-based case studies: two examples of Islamic-inspired 
violent extremism, one case of white-supremacist violence, and one of eco-extremism. These cases further 
refine the proposed framework and reveal a three-pillar approach for countering extremism: prevention, in-
tervention and interdiction.
Keywords: radicalization, radicalization framework, counter violent extremism, violent extremist ideology, 




GERMAN VIEWS OF IRREGULAR WARFARE
Johann Hindert–Major, United States Army
Master of Science in Defense Analysis
Advisor: John Arquilla, Department of Defense Analysis
Co-Advisor: Kalev Sepp, Department of Defense Analysis
Increasingly, so-called weak actors employ irregular warfare to successfully challenge the strong. The Brit-
ish, French, and Americans are recognized for their irregular warfare experience, but the comparatively rich 
German tradition remains overlooked. German contributions to irregular warfare, in fact, rival their reputed 
expertise in modern maneuver warfare. This thesis surveys German irregular warfare cases from the eigh-
teenth century forward. Beginning in the American Revolution, Hessian officer Johann Ewald revealed im-
portant counter-insurgency principles. In the early nineteenth century, Carl von Clausewitz spoke to the larger 
idea of people’s war and noted its efficacy. In a peripheral theater of World War I, Paul von Lettow-Vorbeck 
mastered the art of irregular adaptation and survival. In the Second World War, Otto Skorzeny perfected the 
strategic commando raid. After serving in the same war, Friedrich A.F. von der Heydte published a theory of 
modern irregular warfare, unique for its views on terrorism and the combined employment of irregular and 
other forms of warfare. Otto Heilbrunn studied partisan warfare and endorsed pseudo operations to counter 
asymmetric threats such as those faced by the United States today. German irregular warfare offers strategic 
answers to contemporary security challenges.
Keywords: irregular warfare, German Irregular warfare, unconventional warfare, resistance, partisan warfare, 
guerrilla warfare, Strategic Commando Operations, insurgency, counter-insurgency, German military history, 
pseudo operations, terrorism, counter-terrorism
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Advisor: Leo Blanken, Department of Defense Analysis
Second Reader: Guy LeMire, Department of Defense Analysis
The airborne concept has had a lasting impact on military force structures since its employment on a large 
scale during World War II. It is puzzling to consider how little airborne organizational structures and em-
ployment concepts have changed in the intervening seven decades, considering the great amount of change 
occurring in warfare. This thesis examines the future potential of airborne concepts by rethinking traditional 
airborne organizational structures and employment concepts. Using a holistic approach in the areas of orga-
nization, doctrine, technology, and strategy as guiding frames of reference, this thesis recommends updat-
ing the organizational structures of airborne forces to model a small and many approach over a large and 
few approach, while incorporating a swarming concept. Utilizing historical and contemporary vignettes to 
demonstrate airborne utility, this research reveals how a parachute capability displays the unique attributes to 
complement a swarming concept. Under an updated organizational structure and new employment concept, 
airborne forces can offer renewed relevancy to the U.S. Department of Defense against modern adversaries 




TURKEY AND THE KURDS: A GAME THEORETIC 
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Master of Science in Defense Analysis
Advisor: Bradley Strawser, Department of Defense Analysis
Second Reader: Siamak Naficy, Department of Defense Analysis
This thesis analyzes the conditions under which the Turkish-Kurdish ethnic conflict can be resolved. The 
Turkish government’s determination to solve the Turkish-Kurdish problem through negotiations, while avoid-
ing violence since the start of the negotiations, has created a situation favorable for addressing this century-
old grievance in southeast Turkey. We use case study analyses from archives, newspapers, published reports, 
and books. This study covers questions of ethnicity and ethnic conflict, provides a historical account of the 
problem, and suggests the different courses of action available to resolve this conflict by drawing lessons from 
other resolved and unresolved conflicts in Ireland, Spain, and Colombia. We examine lessons from the suc-
cessful peace process between the British and the Irish Republican Army, and between Spain and the Basque 
separatists, which can be applied to the Turkish-Kurdish case, and whether the causes of the delay in the 
peace process between Colombia and the Revolutionary Armed Forces of Colombia can be avoided. We also 
apply game theoretic modeling tools to determine the best options available to both sides (i.e., the Turkish 
government and the Kurdistan Workers Party in response to each other). This thesis highlights the circum-
stances under which the ongoing negotiation process can succeed by granting more social rights and relative 
autonomy to the Kurds, and by isolating the violent groups from peaceful political parties. This study has been 
conducted at a time when both sides have shown keen interest in resolving the issue through dialogue, and 
violence has significantly decreased, if not stopped altogether.
Keywords: ethnic conflict, peace process, negotiations, resolution, social rights, game theory
CAST IRON VERSUS CREATIVITY: FOSTERING BALANCED 
THINKING IN MILITARY PROFESSIONALS
This paper has been recognized as outstanding by its department.
Michael Laplante–Major, Canadian Armed Forces
Master of Science in Defense Analysis
Advisor: Leo Blanken, Department of Defense Analysis
Co-Advisor: Scott Gartner, Department of Defense Analysis
This research explores how the framing of tasks affects an individual’s psychological employment of thinking-
style balance in performing those tasks. The methodology utilizes multivariant experimentation with military 
officers. The research analyzes the impact of how a commander frames a problem to a subordinate. More 
specifically, the work seeks to parse the effect of linear (analytical) framing, nonlinear (balanced) framing, 
or no additional frame (control). There were six key findings: military decision makers have a baseline linear 
thinking bias; a majority of the participants fell below the threshold for being moderately versatile thinkers; 
American participants had a stronger baseline linear bias than international participants; the impact of prob-
lem framing on overall thinking style was minimal; the linear treatment group experienced significantly lower 
emotional thinking scores; and the linear treatment group took significantly longer to complete the experi-
ment. It was concluded that military decision makers have a strong linear bias that is not easily influenced by 
problem framing. It was also concluded that linear framing has a significant impact on decision-making time 
and emotional thinking. In an effort to reduce the military decision maker linear bias, it is recommended that 
professional military education include a significant increase in nonlinear thought processes, such as design 
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thinking. It is also recommended that incentive structures be updated to create and promote an organizational 
culture that supports a linear/nonlinear balanced thinking approach to problem solving.
Keywords: problem framing, linear thinking, nonlinear thinking, balanced thinking, strategic thinking, 
thinking style balance, military decision-making, versatile thinking, design thinking, creativity, multivariant 
experimentation
FACTORS OF RELIGIOUS VIOLENCE AND A PATH TO PEACE: 
A STUDY OF THE 16TH CENTURY ANABAPTISTS
John McLaughlin–Major, United States Army
Master of Science in Defense Analysis
Advisor: Sean Everton, Department of Defense Analysis
Second Reader: Heather Gregg, Department of Defense Analysis
Religiously motivated violence is and always will be a relevant topic. To address and effectively counter con-
temporary violent groups, it is important to investigate similar historic groups. This thesis attempts to answer 
the research question: During the Radical Reformation, why did some Anabaptist groups accept the use of 
violence while others did not, and how did the movement evolve to pacifism? To answer this question, this 
study utilizes a mixed methodology of case study analysis and social network analysis of Anabaptist leaders 
during the 16th century. This thesis argues that violent ideology is largely a function of three factors: charis-
matic leadership, isolation, and apocalypticism. The interaction of these factors led to the emergence of Ana-
baptist groups that embraced the use of violence. However, groups’ internal characteristics can also lead them 
away from violence. In the case of the Anabaptists, social proximity assisted leaders with a counter-message 
to speak effectively to violent ultra-radical factions. The goal of this thesis is to identify characteristics of reli-
gious groups that may signal the potential for future violence, while also providing insight into which leaders 
may be capable of re-directing groups that have become violent.
Keywords: anabaptists, religious violence, charismatic leadership, isolation, apocalypticism, social network 
analysis
COMBAT STORIES: CREATING A WEB-BASED GEOSPATIAL INTERFACE TO RECORD 
COMBAT STORIES FOR VALIDATION AND OTHER RESEARCH PURPOSES
Christopher Mellon–Major, United States Marine Corps
Master of Science in Defense Analysis
Advisor: Michael Jaye, Department of Defense Analysis
Second Reader: Kristen Tsolis, Department of Defense Analysis
This capstone project created a proof-of-concept, web-based geospatial interface to record first-person written 
combat narratives from U.S. military service members in a story map format. The application compares the 
service members’ geographic-referenced combat stories, called story maps, against the historical record with 
the intent to validate potentially beneficial aspects derived from service member storytelling. If the stories 
produce results that are consistent or comparable to other historical records, then one consequence might be 
that soldier and Marine narratives may constitute an under-explored reservoir of knowledge, observations, and 
data. The application accomplishes the project’s original three goals: recording multiple narratives; turning the 
multiple narratives into a comprehensive map; and allowing an analyst to compare and contrast the narratives 
with historical documentation. The second battle of Fallujah in 2004 is this report’s case study for testing the 
application. Using constructed stories from artificial authors, the application’s narratives produced equivalent 
graphic illustrations as compared to the historical maps from the battle of Fallujah. The geographic accuracy 
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of the graphic illustrations, on a par with the historical maps, validated the concept of obtaining service mem-
bers’ combat stories.
Keywords: narratives, storytelling, story maps, geospatial information system, combat stories, validation
UNGOVERNED SPACES AND ARMED CIVIL CONFLICTS: 
THE PREDICAMENT OF DEVELOPING NATIONS
David Munyua–Major, Uganda People’s Defense Forces
Master of Science in Defense Analysis
Advisor: T. Camber Warren, Department of Defense Analysis
Second Reader: Ian Rice, Department of Defense Analysis
Several developing nations are grappling with the phenomenon of ungoverned territories, which are believed 
to be harboring insurgent, terrorist, and other armed violent groups. This study investigates how a developing 
nation can use its resources to reduce violent activities and, consequently, ungoverned spaces from within its 
sovereign territory. The study uses geo-referenced violent events data as a measure of violence and spatiotem-
poral data for law enforcement agencies (LEAs), social services, and economic infrastructure as measures of 
state authority. All data is specific to Uganda. Using multi-regression models (negative binomial and matched 
wake analysis), the study employs interpolated spatiotemporal data to estimate the effects of state authority 
factors on violent events over space and time. The findings show that LEAs, including police, prisons, courts, 
and border protection, are the most effective in reducing violence and therefore ungoverned territories. Save 
for schools and local governments, social services like health centers, and economic infrastructure like roads, 
tend to be associated with increased levels of violence. The policy implication for developing nations is there-
fore to consider directing their resources toward building their LEAs before or concurrently with socioeco-
nomic services in order to reduce violence emanating from ungoverned spaces.
Keywords: ungoverned spaces, armed civil conflicts, insurgency, Uganda, state, non-state, counter-state, so-
ciology, geography
BOKO HARAM: AFRICA’S NEW JV TEAM?
This paper has been recognized as outstanding by its department.
Kitefre Oboho–Major, United States Army
Andrew Artis–Major, United States Army
Master of Science in Defense Analysis
Advisor: Anna Simons, Department of Defense Analysis
Second Reader: Leo Blanken, Department of Defense Analysis
This thesis examines the threat Boko Haram poses to Nigeria and its neighbors in West Africa, and deter-
mines the extent to which ensuing regional instability may or may not threaten United States (U.S.) national 
interests in the region. Among our conclusions, from the examination of U.S.-Nigerian relations over time, is 
that the United States generally acts in response to the media’s ability to incite a public outcry and less in regard 
to threats to perceived national interests. Boko Haram, initially viewed as a problem internal to Nigeria given 
its Nigeria- focused agenda, has since developed relations with influential transnational and international ter-
rorist organizations, such as Al-Qaeda and the Islamic State (IS). It is our position that sponsorship from other 
terror organizations will make Boko Haram more dangerous and capable of threatening regional stability, ergo 
impacting U.S. security interests. On the basis of whether a terrorist group seeks state-level sovereignty or 
inclusion into an existing state, we propose several stopgaps that, if applied effectively, could serve as counter-
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measures to hinder Boko Haram’s ability to move from being a peripheral to an important or even vital threat 
to United States interests in West Africa.
Keywords: Boko Haram, sovereignty, national interests, Islamic State
COMBATING DAESH: A SOCIALLY UNCONVENTIONAL STRATEGY
Derek Raymond–Major, United States Army
Master of Science in Defense Analysis
Advisor: Doowan Lee, Department of Defense Analysis
Co-Advisor: Sean Everton, Department of Defense Analysis
The Islamic State in Iraq and Syria, commonly referred to as Daesh, has taken the world by storm and is ex-
hibiting no signs of relenting. Desperate to degrade and ultimately destroy Daesh, yet afraid to mire itself in 
another Middle Eastern conflict, the United States is relying on a minimalist strategy through military partner-
ships and air support. This research contends that this fairly conventional approach is ineffective. This thesis 
offers an alternative strategy to counter Daesh by utilizing social network analysis (SNA) to analyze Daesh’s 
network and then apply principles of social movement theory (SMT) to encourage Daesh’s implosion.
Keywords: Daesh, Islamic State in Iraq and Syria, ISIS, Islamic State, IS, Islamic State in Iraq and the Levant 
ISIL, social movement theory, SMT, social network analysis, SNA, social media exploitation, SME, uncon-
ventional warfare, irregular warfare.
THE ROAD NOT TAKEN: ADDRESSING CORRUPTION 
DURING STABILITY OPERATIONS
Brian Revell–Major, United States Army
Ryan-Ross Nemeth–Master Sergeant, United States Army
Master of Science in Defense Analysis
Advisor: Heather Gregg, Department of Defense Analysis
Second Reader: George Lober, Department of Defense Analysis
The United States has spent the last 14 years engaging in combat operations in Iraq and Afghanistan that have 
aimed, in part, to rebuild two dysfunctional states. However, after billions of dollars in development money, 
thousands of soldiers’ lives lost, and over a decade of time, neither of these countries has achieved the desired 
degree of stability; both states remain fragile and sources of regional and global insecurity. This thesis inves-
tigates the role that corruption has played in undermining efforts to stabilize Iraq and Afghanistan by con-
ducting a longitudinal study that begins with the earliest days of state formation, and concludes with U.S.-led 
stabilization efforts post-September 11. This thesis finds that, of the four types of corruption studied (crisis, 
nepotism, market, and patronage), market corruption is stabilizing in the near-term but becomes destabilizing 
over time; patronage and nepotism can be stabilizing in the short- and medium-terms but ultimately create 
the potential for long-term destabilization; and crisis corruption is the most destabilizing form of corruption 
and rarely produces stability. These findings provide the U.S. government and U.S. military with an evaluative 
tool for considering different forms of corruption and their effects on stabilization operations in the modern 
world.
Keywords: corruption, stability, instability, crisis corruption, market corruption, patronage, nepotism, Iraq, 
Afghanistan, stability operations, reconstruction, state building
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POLITICAL WARFARE AND CONTENTIOUS POLITICS
Aaron Steward–Lieutenant, United States Navy
Master of Science in Defense Analysis
Advisor: Hy Rothstein, Department of Defense Analysis
Second Reader: Doowan Lee, Department of Defense Analysis
This thesis examines if increased Department of Defense (DOD) involvement in political warfare (PW) is 
justified through a qualitative, comparative analysis of U.S. PW actions conducted by the Department of State, 
Central Intelligence Agency, and DOD in two Cold War cases: Italy from 1943–1948 and Chile from 1961–
1973. Concepts of strategy and social movement models of Doug McAdam, Charles Tilly, and Sidney Tarrow 
are applied to historical PW actions, both overt and covert. The case-study analysis clarifies each agency’s 
conduct of PW and develops analytical tools to classify PW actions by approach and impact within the politi-
cal setting. Data was collected from archives, declassified government documents, and expert analyses. Results 
indicate that, compared to other U.S. agencies, the DOD had a limited direct role in PW in the cases studied 
but was an important enabler. In applying models of social movement theory to historical analysis, this thesis 
identifies and develops the contentious politics mobilization model’s potential use in planning and evaluating 
PW strategies.
Keywords: political process model, contentious politics mobilization model, polity model, political warfare, 
social movement theory, Italy, Chile, Cold War, covert action, overt action, strategy
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DETERMINATION OF HIGH-SPEED MULTIPLE THREAT USING 
KALMAN FILTER ANALYSIS OF MARITIME MOVEMENT
Joseph Carnes
Master of Science in Electrical Engineering
Advisor: David Garren, Department of Electrical and Computer Engineering
Co-Advisor: James Scrofani, Department of Electrical and Computer Engineering
Second Reader: Steven Pilnick, Department of Operations Research
A methodology for automatically detecting a swarm attack in the maritime domain is examined in this the-
sis. These techniques are based upon feeding data into the Kalman filtering algorithm, which is used in the 
tracking of moving targets based on simulated radar position measurements. Specifically, the expectation of a 
location of a given moving vessel based upon the Kalman filtering estimates is used to determine if a strong 
maneuver is occurring. When a given moving target’s motion lies outside of the estimated location zone, addi-
tional time is required for the estimated track to synchronize the track with the current measurements for this 
particular moving target. The proposed use of this algorithm is to provide an ability to monitor the maritime 
traffic within a given area of regard in order to determine if a high-speed maneuvering surface target swarm at-
tack is occurring. The software for this thesis involved the development and testing of object-oriented source 
code in MATLAB. This work included the development of an algorithm that monitors all traffic and gener-
ates a signal spike when a threat has been initiated. A notional gun system was included in order to permit the 
calculation of survivability estimates when placed inside a larger Monte Carlo simulation.
Keywords: Kalman filter, maritime, swarm threat, HSMST
A STUDY OF THE EFFECTS OF SENSOR NOISE AND GUIDANCE 
LAWS ON SAM EFFECTIVENESS AGAINST CRUISE MISSILES
Murat Dogen–First Lieutenant, Turkish Air Force
Master of Science in Electrical Engineering
Advisor: Robert Hutchins, Department of Electrical and Computer Engineering
Second Reader: Xiaoping Yun, Department of Electrical and Computer Engineering
Cruise missiles (CMs) are getting more advanced. To cope with the rapidly growing CM threat, national air-
defense systems use surface-to-air missiles (SAMs) as interceptors. To intercept a CM with a SAM, an optimal 
guidance law should be used. Simulations that represent reality as closely as possible show the effectiveness 
of the missile system in various scenarios. A three-degree-of-freedom, discrete-time, and three-dimensional 
simulation model that compares proportional navigation (PN), augmented proportional navigation (APN), 
and differential geometry (DG) guidance laws against a maneuvering and non-maneuvering CM that flies at 
low altitude and constant speed is described. Simulation results were obtained for two cases: ideal measure-
ments and Kalman filtered noisy line-of-sight angle (azimuth and elevation) and range measurements. Noise 
tolerance was also examined to determine the best guidance law. For the simulation scenarios, targets are 
simulated at all aspect angles and for various ranges. The results show that for a non-maneuvering CM, all 
three guidance laws give similar results. Against maneuvering targets, DG is better for tail-chase scenarios 





and PN is better for the forward quadrant of aspect angles. APN performed poorly compared to the other 
guidance laws examined in these scenarios.
Keywords: cruise missile defense, surface-to-air missile, missile guidance, guidance law, proportional naviga-
tion, augmented proportional navigation, differential geometry, seeker noise, Kalman filtering
SCALABLE MOBILE AD HOC NETWORK (MANET) TO ENHANCE 
SITUATIONAL AWARENESS IN DISTRIBUTED SMALL UNIT OPERATIONS
Jonathan Driesslein–Ensign, United States Navy
Master of Science in Electrical Engineering
Advisor: James Calusdian, Department of Electrical and Computer Engineering
Co-Advisor: Zac Staples, Department of Electrical and Computer Engineering
Platforms throughout the military and other government agencies (such as FEMA and police departments) 
have become more networked; the last link in each network chain, however, has always been the individu-
als themselves. This structure requires a network that can process large amounts of data in order to provide 
the individuals with succinct and actionable information. Information, such as individual positions, weapons 
orientation, and friendly positions, serve to greatly enhance the situational awareness and improve the likeli-
hood of mission success. The goal of this research is to use networking to improve the infantry’s situational 
awareness. The Robotic Operating System (ROS) is the foundation of a prototype network investigated in 
this thesis. It enables rapid prototyping of components and functionality through an open-source library 
with multi-language and multi-platform support. The network was constructed with software and hardware 
modules consisting of wearable sensors and various computational platforms. Future development will include 
linking the network to autonomous units and other assets with simplified controls. The deliverable is a mo-
bile ad-hoc network (MANET) with hardware designed to be operational for infantry squads and software 
designed to deliver contextual situational awareness to all of its members. The data distribution is handled 
through a brokered publish and subscribe network implemented via ROS.
Keywords: data dissemination, situational awareness, decision making, network-centric warfare, networking, 
mobile ad hoc network (MANET), Raspberry Pi, robotic operation system (ROS), arduino
INTERDIGITATED BACK-SURFACE-CONTACT SOLAR 
CELL MODELING USING SILVACO ATLAS
Shawn Green–Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Sherif Michael, Department of Electrical and Computer Engineering
Second Reader: Matthew Porter, Department of Electrical and Computer Engineering
The Silvaco Atlas semiconductor modeling software was used to simulate an interdigitated back-surface-
contact solar cell. The cell is modeled after the silicon-based Sunpower Corporation A-300 solar cell, which 
contains a number of unique features that give it advantages over conventional solar cells. This simulation 
attempted to match as closely as possible the results measured by the National Renewable Energy Laboratory 
from the A-300 cell in order to validate the model. This model was then used to investigate the effects of mak-
ing the A-300 thinner, which would permit its use in military solar blanket applications. A thin and flexible 
solar cell is ideal for this application due to its lighter weight, making it portable and flexible, which increases 
its ruggedness. The ability to simulate an interdigitated back-surface-contact cell also allows future work using 
computer algorithms to improve power output results as well as investigations into using materials other than 
silicon, which may further improve power output.
Keywords: solar cell, photovoltaic device, back surface contact, Silvaco Atlas, interdigitated, silicon
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ELECTRICAL ENGINEERING
ENCOUNTER DETECTION USING VISUAL ANALYTICS TO 
IMPROVE MARITIME DOMAIN AWARENESS
Michael Hanna
Master of Science in Electrical Engineering
Advisor: David Garren, Department of Electrical and Computer Engineering
Co-Advisor: James Scrofani, Department of Electrical and Computer Engineering
Second Reader: Steven Pilnick, Department of Operations Research
A visual analytics process to detect encounters between vessels from ship position data is developed in this 
thesis. An archive of historical position records is pre-processed and filtered to provide input for an encounter 
detection algorithm. The algorithm arranges the position records into a set of sorted lists (SSL) so that only a 
minimum number of records need to be compared. The algorithm performs a single sweep over the record set 
to arrange it into a SSL and simultaneously find the encounters. To avoid problems due to discrete sampling, 
an interpolation of the data is performed when the sampling is too sparse. To accommodate large data sets, a 
divide-and-conquer approach using a sliding spatial window is developed. In post-processing, the elementary 
encounters are grouped into composite encounters by collecting elementary encounters occurring between 
the same vessels. Additionally, the composite encounters are input into a visual analytics tool where each 
composite encounter is represented as a layer on a map. Patterns of life analysis and investigations of potential 
anomalous activity are performed by zooming in on encounter areas of interest. The development of a visual 
analytics process to identify vessels of interest is the significant result of this thesis.
Keywords: maritime domain awareness, encounter detection, visual analytics, activity based intelligence
DESIGN, SIMULATION, AND PRELIMINARY TESTING OF 
A 20-AMPERE ENERGY MANAGEMENT SYSTEM
Matthew McCulley–Lieutenant Commander, United States Navy
Master of Science in Electrical Engineering
Advisor: Alexander Julian, Department of Electrical and Computer Engineering
Co-Advisor: Giovanna Oriti, Department of Electrical and Computer Engineering
The Department of the Navy is determined to find ways to increase the energy security of shore facilities. 
This is critical to ensure that facilities can meet fleet needs during a national crisis. An Energy Management 
System (EMS) using power electronics could be an important piece of this puzzle. In this thesis, a 20-ampere 
(A)-rated EMS module is designed and constructed that can be used for demonstrations and field testing. The 
prototype is used to conduct preliminary testing of the EMS over-current trip circuit. This thesis discusses the 
analog and digital redesigns that are needed to overcome the electromagnetic interference from the switching 
currents of the power modules that leak into the control circuitry. Finally, a Simulink model is designed to 
simulate the expected output from the H-bridge portion of the EMS. This model is tested and verified using 
measurements from the actual EMS prototype in the laboratory.
Keywords: energy management system, microgrid, switching noise, electromagnetic interference
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AN EXAMINATION OF HIGHER-ORDER TREATMENTS OF BOUNDARY 
CONDITIONS IN SPLIT-STEP FOURIER PARABOLIC EQUATION MODELS
Savas Erdim–Lieutenant Junior Grade, Turkish Navy
Master of Science in Engineering Acoustics
Advisor: Kevin Smith, Department of Physics
Second Reader: Daphne Kapolka, Department of Physics
Parabolic equation models solved using the split-step Fourier (SSF) algorithm, such as the Monterey Miami 
Parabolic Equation model, are commonly used to predict underwater sound propagation in deep and shallow 
water environments. Previous studies have shown that the SSF algorithm is very accurate in shallow water 
when there is no density discontinuity between the water column and the sediment, but less effective in the 
presence of realistic density discontinuities due to phase errors that accumulate after a few kilometers. In this 
thesis, the standard density-smoothing approach and an alternative hybrid split-step/finite difference method 
are compared. The goal is to decrease the phase errors and increase the model’s long-range accuracy. Differ-
ent depth meshes and range step sizes are implemented in the algorithm to find the optimum results for both 
approaches. It is shown that the density-smoothing method provides better results with small range step sizes, 
while the hybrid method is more effective using longer range step sizes. However, the smoothing approach 
provides a more stable convergence of results, whereas the hybrid method solution is more sensitive to change 
in computational grid sizes. A more detailed examination of the density smoothing approach suggests good 
accuracy for a few kilometers, while the hybrid method provides improved agreement with a benchmark solu-
tion at longer ranges.
Keywords: parabolic equation, Monterey Miami Parabolic Equation, split-step Fourier algorithm, density 
smoothing approach, hybrid split-step/finite difference method.
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VISION-BASED 3D MOTION ESTIMATION FOR ON-ORBIT 
PROXIMITY SATELLITE TRACKING AND NAVIGATION
Alessio Grompone–Civilian, Department of Defense
Master of Science in Engineering Science (Electrical Engineering)
Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Co-Advisor: Marcello Romano, Department of Mechanical and Aerospace Engineering
The main challenge addressed in this work is to develop and validate an algorithm able to track and estimate 
the relative position and motion of on-orbit, un-modeled targets by using only passive vision. The algorithm 
developed is based on well-known image processing techniques. To achieve this goal, a number of different 
approaches were analyzed and compared to assess their performance for a satisfactory design. The code also 
has a modular general structure in order to be more flexible to changes during the implementation until best 
performance is reached. Artificially rendered high quality, animated videos of satellites in space and real foot-
age provided by NASA have been used as a benchmark for the calibration and test of the main algorithm 
modules. The final purpose of this work is the validation of the algorithm through a hardware-in-the-loop 
ground experiment campaign. The development of the Floating Spacecraft Simulation Test-bed used in this 
work for the validation of the algorithm on real-time acquisition images was also documented in this thesis. 
The test-bed provides space-like illumination, stereovision and simulated weightlessness frictionless condi-
tions. Insight on the validity of this approach, describing the performance demonstrated by the experiments, 
the limits of the algorithm and the main advantages and challenges related to possible future implementations 
in space applications, were provided by this research.
Keywords: spacecraft detection, computer vision, autonomous navigation, image processing, vision-based 
algorithm, non-modeled non-cooperative target
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ADOPTING CLOUD COMPUTING IN THE PAKISTAN NAVY
Tahir Asim–Lieutenant Commander, Pakistan Navy
Master of Science in Systems Technology (Command, Control & Communications) 
and Master of Science in Information Operations
Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Dorothy Denning, Department of Defense Analysis
Pakistan’s proximity to the Strait of Hormuz, through which millions of barrels of oil is shipped per day, 
makes it a gateway to Central Asian countries. The Pakistan coastline stretches to almost 1,000 kilometers 
and has an exclusive economic zone of 290,000 km2. As a flag bearer of protecting the country’s sea lines of 
communication and safeguarding its maritime territories, the Pakistan Navy is in the continuous process of 
modernization. Although a robust command and control structure exists for the accomplishment of peace-
time and wartime objectives, there is still a need to adopt up-to-date procedures that can ensure the two-way 
exchange of information in near real-time and provide access to information from anywhere around the globe. 
This thesis explores the peculiarities of cloud computing and its potential utility to the Pakistan Navy. After 
an in-depth analysis of the country’s information technology environment, the scope and utility of cloud 
computing in the country, and the U.S. Department of Defense, the U.S. Navy, and the National Institute of 
Standards and Technology cloud architectures, a framework has been laid out for adopting cloud computing 
in the Pakistan Navy.
Keywords: cloud computing, IT industry in Pakistan, U.S. Navy cloud, NIST cloud architecture, DOD cloud
EVADING THE ENDGAME IN AN INSURGENCY UNDERTAKING: 
THE CASE OF THE LORD’S RESISTANCE ARMY AND BEYOND
This paper has been recognized as outstanding by its department.
David Munyua–Major, Uganda People’s Defense Forces
Master of Science in Information Operations
Advisor: Sean Everton, Department of Defense Analysis
Second Reader: Kristen Tsolis, Department of Defense Analysis
The Lord’s Resistance Army (LRA) insurgency is Africa’s oldest, lasting for over 25 years. This work studies 
the LRA to find out why it has survived so long and how. A combination of empirical methods was used to 
analyze data related to the LRA and the countries affected by the LRA insurgency. The findings show that the 
LRA prolonged its insurgency by taking advantage of its environment, including elevation, watered areas, the 
road network, land cover, proximity to state capital, and moderate population density. The LRA also exploited 
the political situations in the region, such as the rivalry between Uganda and Sudan, and the fragility of the 
Democratic Republic of the Congo, Central African Republic, South Sudan, and Sudan. Last, the LRA modi-
fied its organizational structure according to the political and military situations it encountered, which enabled 
it to adapt and evade the threat of termination. The effectiveness of these methods of survival depended on 
the intuition of the LRA leadership. The author recommends both kinetic methods to manhunt LRA leaders 
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and non-kinetic (psychological) operations to degrade the LRA’s strength by encouraging mass defections 
from its ranks.
Keywords: counterinsurgency, Lord’s Resistance Army (LRA), insurgent survival, geography and insurgency, 
social network analysis, disrupting dark networks, insurgent organization
BRIDGING THE GAP: ENHANCING SNA WITHIN THE 
MARINE CORPS INTELLIGENCE COMMUNITY
This paper has been recognized as outstanding by its department.
Robert Schotter–Captain, United States Marine Corps
Master of Science in Information Warfare Systems Engineering  
and Master of Science in Information Operations
Advisor: Raymond Buettner, Department of Information Sciences
Co-Advisor: Sean Everton, Department of Defense Analysis
Second Reader: Ian McCulloh, Johns Hopkins Applied Physics Lab
The United States Marine Corps and the Marine Corps’ intelligence community recognize that future adver-
saries are likely to be adaptive and complex. Both the Expeditionary Force 21 (EF 21) Capstone Concept and 
the Marine Corps Intelligence, Surveillance, and Reconnaissance Enterprise (MCISRE) Roadmap identify the 
need for advanced intelligence analysis. This thesis argues that social network analysis (SNA) is a worthwhile 
method, but one that is not currently used within the MCISRE. The purpose of this research is to determine 
the SNA knowledge level within the MCISRE and to recommend ways to bridge the gap between current 
knowledge with the knowledge required by the EF 21 and MCISRE Roadmap. A mixed-method approach 
combines a quantitative survey, meant to determine current SNA knowledge and proficiency, and qualitative 
interviews with various subject matter experts to determine corrective recommendations. Survey results and 
interviews indicate that Marine Corps intelligence personnel are not proficient in SNA and that SNA is often 
confused with other forms of intelligence analysis, such as link analysis and social media analysis (SMA). Caus-
al factors for these deficiencies are discussed using the doctrine, organization, training, materiel, leadership/
education, personnel, facilities (DOTmLPF) pillars as a template, and recommendations are given to correct 
them. Recommendations requiring further research are also explored and discussed.
Keywords: information operations, targeting, intelligence analysis, social network analysis, social media analy-
sis, Marine Corps Intelligence Surveillance and Reconnaissance Enterprise, MCISRE, Expeditionary Force 
21, network engagement, Attack the Network
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UNMANNED TACTICAL AUTONOMOUS CONTROL AND 
COLLABORATION THREAT AND VULNERABILITY ASSESSMENT
Louis Batson–Captain, United States Marine Corps
Donald Wimmer–Captain, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Dan Boger, Department of Information Sciences
Second Reader: Scot Miller, Department of Information Sciences
Information systems designed and developed without considering security and potential threats create avoid-
able risks to the United States and the Department of Defense (DOD). Unmanned Tactical Autonomous 
Control and Collaboration (UTACC) is a ground-breaking and original approach to using systems autonomy 
to augment and improve the intelligence, surveillance, and reconnaissance process. However, UTACC will 
fail to accomplish that task if the system is not built with security in mind from the outset. To improve the 
security of UTACC, this thesis conducts an analysis to identify threats and vulnerabilities in the system’s 
concept. The goal of this analysis was to mitigate threats and enable mission success to UTACC-supported 
missions. During the initial research, a framework for threat and vulnerability analysis was developed based 
on The National Institute of Standards and Technology’s (NIST) Risk Management Framework (RMF) and 
DOD’s Information Assurance Certification and Accreditation Process (DIACAP). This framework was used 
to create a threat template to analyze each threat facing UTACC and UTACC’s inherent vulnerabilities. The 
templates also include technical and non-technical security control strategies to mitigate each of the vulner-
abilities within UTACC.
Keywords: UTACC, autonomy, information assurance, mission assurance, network security
MODELING, SIMULATION, AND VISUALIZATION FOR SUBMARINE TRANSIT 
SECURITY AND COAST GUARD CONTINGENCY PREPAREDNESS
Marlon Heron–Lieutenant, United States Coast Guard
Master of Science in Information Technology Management
Advisor: Don Brutzman, Department of Information Sciences
Second Reader: Terry Norbraten, MOVES Institute
The U.S. Navy’s Strategic Systems Program (SSP) and the U.S. Coast Guard (USCG) Maritime Force Protec-
tion Unit (MFPU) have a close working relationship, access to advanced modeling and simulation (M&S) 
tools, and a mutual interest in the safe escort of naval subMarines. The USCG Contingency Preparedness and 
Exercises (CPE) Branch has a strong interest in maritime security, which extends to the safe navigation of 
vessels in U.S. territorial waters, including naval subMarines. CPE rarely interacts with SSP and the MFPU; 
furthermore, CPE does not have access to modern M&S tools. The goal of this thesis is to demonstrate that 
SSP and MFPU can greatly increase maritime security in the littoral waterways used by subMarines and other 
naval vessels by partnering with CPE. A mixed-method approach was used to provide an overview of existing 
maritime security roles and partnerships, and a 3D-simulation experiment was also developed to demonstrate 
how CPE can enhance exercises by utilizing robust 3D M&S resources. This thesis establishes that CPE can 
drastically improve maritime security and other missions by leveraging M&S and visualization tools. The 
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thesis also found that by partnering with SSP and the MFPU, CPE can accelerate maritime security improve-
ments.
Keywords: submarine security, Coast Guard, maritime security, sSBN, contingency preparedness, X3d, sav-
age, visualization, simulation
KNOWLEDGE VISUALIZATIONS: A TOOL TO ACHIEVE OPTIMIZED 
OPERATIONAL DECISION MAKING AND DATA INTEGRATION
This paper has been recognized as outstanding by its department.
Paul Hudson–Major, United States Marine Corps
Jeffrey Rzasa–Captain, United States Marine Corps
Master of Science in Information Technology Management and Master of Business Administration
Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Arkady Godin, Department of Information Sciences
Second Reader: Glenn Cook, Department of Information Sciences
The overabundance of data created by modern information systems (IS) has led to a breakdown in cognitive 
decision-making. Without authoritative source data, commanders’ decision-making processes are hindered as 
they attempt to paint an accurate shared operational picture (SOP). Further impeding the decision-making 
process is the lack of proper interface interaction to provide a visualization that aids in the extraction of the 
most relevant and accurate data. Utilizing the DSS to present visualizations based on OLAP cube integrated 
data allow decision-makers to rapidly glean information and build their situation awareness (SA). This yields 
a competitive advantage to the organization while in garrison or in combat. Additionally, OLAP cube data 
integration enables analysis to be performed on an organization’s data-flows. This analysis is used to identify 
the critical path of data throughout the organization. Linking a decision-maker to the authoritative data along 
this critical path eliminates the many decision layers in a hierarchal command structure that can introduce 
latency or error into the decision-making process. Furthermore, the organization has an integrated SOP from 
which to rapidly build SA, and make effective and efficient decisions.
Keywords: knowledge visualizations, critical information requirements, decision support system, merging 
workflows, data provenance
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THE SYSTEM ENGINEERING APPROACH: TAIWAN NAVY INCORPORATION 
OF MOBILE DEVICES (SMARTPHONE) INTO ITS FORCE STRUCTURE
Wei-yang Lee–Lieutenant, Taiwan Navy
Master of Science in Information Warfare Systems Engineering
Advisor: Raymond Buettner, Department of Information Sciences
Co-Advisor: John Gibson, Department of Computer Science
Attempting different approaches to explore the best practice of optimizing mobile security and productivity 
is necessary to improve the Taiwan navy’s maneuverability and capability in the information age. This thesis 
uses a systems engineering approach to research various mobile security technologies and applications that 
can provide the Taiwan navy with appropriate smartphone systems to develop a secure and productive smart-
phone incorporation plan. Having addressed system requirements, considered stakeholders’ concerns, and 
analyzed commercial off-the-shelf products, preliminary results have shown that Apple iOS is the most secure 
and productive system for smartphone incorporation in the Taiwan navy. Before rolling out a comprehensive 
incorporation plan, it is essential to evaluate the recommended technologies through a pilot program that 
simulates realistic naval activities to further correct deficiencies and determine the feasibility of the selected 
technologies. The intent of this research is to convince the Taiwan navy that secure smartphone incorporation 
is achievable through leveraging appropriate smartphone technologies and corresponding strategy, policy, and 
training.
Keywords: smartphone security, enterprise mobility, mobile device incorporation, system engineering ap-
proach, Taiwan navy
CAPABILITIES ASSESSMENT AND EMPLOYMENT RECOMMENDATIONS FOR 
FULL MOTION VIDEO OPTICAL NAVIGATION EXPLOITATION (FMV-ONE)
Patrick Coffman–Captain, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Raymond Buettner, Department of Information Sciences
Second Reader: Carl Oros, Department of Information Sciences
The Marine Corps has a capability gap in its inability to exploit full motion video in real time. Currently, 
Marines are unable to rectify, orthorectify, and georectify live video streams, which would allow for real-time 
geolocation coordinate extraction. MITRE Corporation’s Full Motion Video Optical Navigation Exploita-
tion (FMV-ONE) is a platform agnostic software solution capable of processing Motion Imagery Standards 
Board-compliant video streams. Using structure from motion theory, video is processed through computer 
vision-informed algorithms, and users are able to generate precision coordinates without the need for Con-
trolled Image Base (CIB) or Digital Point Positioning Database (DPPDB) references. Additional capabilities 
include a multi-aspect video viewer, reference imagery generation and Cursor on Target export, and live video 
rewind. After examining the capabilities of FMV-ONE, I believe that the Marine Corps’ planned implemen-
tation within the geospatial intelligence community leaves the true potential of the software untapped. The 
underlying mathematical engine has capability expansion potential that can provide benefits across the func-
tional areas of the Marine Corps, most importantly, to operations, fires, and aviation support. FMV-ONE’s 
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toolsets need to be expanded, and the software needs to be fielded to additional communities beyond the 
intelligence enterprise.
Keywords: full motion video, rectification, georectification, orthorectification, unmanned aerial vehicle, geo-
location, grid coordinate
UNATTENDED GROUND SENSORS FOR EXPEDITIONARY 
FORCE 21 INTELLIGENCE COLLECTIONS
Ryan Harrington–Major, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Raymond Buettner, Department of Information Sciences
Co-Advisor: John Gibson, Department of Computer Science
As our adversaries continue to evolve in complexity, the U.S. Marines adapt in kind with its design and intent 
through its Expeditionary Force 21 (EF 21) Capstone. EF 21 stresses the need for increased persistent intel-
ligence collections capabilities and the optimization of existing assets. Current requirements for Unattended 
Ground Sensors (UGS) limit usage in non-permissive environments beyond the Area of Operations, contrary 
to the new demands of EF 21. UGS shortfalls include the technologies in use and the capability of the Marines 
employing them. The fusion of reconnaissance Marines with commercial state-of-the-art UGS expands the 
current ground intelligence collections capability to be rapid and adaptable for EF 21. This concept required 
researching the reconnaissance and intelligence battalions, the UGS associated individual standards, and ex-
isting UGS from McQ Incorporated and the Defense Advance Research Products Agency. Analysis of this 
research consisted of a systems engineering approach applied the doctrine, organizations, training, materials, 
leadership, personnel, and facilities fields for UGS. The result was a new table of organization for the Marines 
ground sensor platoons, focusing on restructuring these units for operational flexibility, fusion with reconnais-
sance Marines to extend tactical reach, and technological upgrades to advance all existing UGS capabilities.
Keywords: USMC, intelligence, surveillance, reconnaissance, ISR, intelligence collections, unattended ground 
sensors, Marine Corps Intelligence Surveillance and Reconnaissance Enterprise, MCISRE, Expeditionary 
Force 21, systems engineering
ADDITIVE MANUFACTURING IN THE MARINE CORPS
Luke McLearen–Captain, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Raymond Buettner, Department of Information Sciences
Second Reader: Gerald Scott, Department of Information Sciences
As the Marine Corps continues to conduct small-unit distributed operations, the strain on its logistics intensi-
fies. The Marine Corps must search for a solution to increase the efficiency and responsiveness of its logistics. 
One solution is using additive manufacturing, commonly referred to as 3D printing. This thesis answers the 
question of how additive manufacturing can improve the effectiveness of Marine Corps logistics. In order to 
answer the question, beneficial process(es), application(s), and level of integration are determined through a 
comparative analysis of current and future 3D-printing processes, examination of several civilian and military 
examples, and examination of the impact across current doctrine, organization, training, material, leadership, 
personnel, and facilities. Several issues should be addressed prior to the Marine Corps fully integrating 3D 
printers, such as the lack of certification and qualification standards, unreliable end product results, and deter-
mining ownership of intellectual property. When these issues are properly mitigated, the Marine Corps should 
procure printers for the purpose of manufacturing repair parts, tools, and other support aids. Marine Expedi-
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tionary Units should be the first units to receive the printers. If the printers are integrated properly, they could 
assist logisticians in supporting Marines conducting distributed operations throughout the battlefield.
Keywords: additive manufacturing, 3D printing, improving logistics
SOLID-STATE HIGH POWER RADIO FREQUENCY DIRECTED ENERGY 
SYSTEMS IN SUPPORT OF USMC FORCE PROTECTION OPERATIONS
Michael Simon–Major, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Raymond Buettner, Department of Information Sciences
Co-Advisor: Jon Alt, Department of Operations Research
Service members are often vulnerable conducting entry control point operations in support of force or criti-
cal infrastructure protection. Historical evidence and tests from emerging technology suggest that solid-state 
high power radio frequency directed energy systems emit enough power to disrupt vehicle electronic systems 
without costly collateral damage to people or property. This thesis builds on previous research toward adding 
non-lethal tools, in the form of directed energy systems, for service members to utilize as part of entry control 
points. A combination of literature review, limited modelling, and field experimentation is used to explore 
whether directed energy is a viable, non-lethal tool for USMC entry control points. After detailed descrip-
tions of force protection, directed energy, and a thorough system of systems analysis of the contemporary 
operating environment, this thesis offers an example of an entry control point augmented with a high-power 
radio frequency array. Furthermore, this research recommends exploration of additional uses for this type of 
directed energy including counter-piracy and electronic ambush operations that utilize ground, air, and sea-
based platforms.
Keywords: high power radio frequency, suicide vehicle-borne improvised explosive device, directed energy, 
force protection, entry control point, vehicle control point, solid state, system of systems analysis
PASSIVE COHERENT DETECTION AND TARGET LOCATION 
WITH MULTIPLE NON-COOPERATIVE TRANSMITTERS
This paper has been recognized as outstanding by its department.
Qinling Jeanette Olivia Tan–Civilian, DSO National Laboratories, Singapore
Master of Science in Information Warfare Systems Engineering
Advisor: David Jenn, Department of Electrical and Computer Engineering
Co-Advisor: Edward Fisher, Department of Information Sciences
Passive bistatic radars (PBR) and passive multistatic radars (PMR) use opportunistic transmitters to detect and 
locate targets. In this thesis, a maritime scenario was modeled with merchant vessels serving as multiple non-
cooperative opportunistic transmitters while a frigate warship equipped with electronic warfare (EW) and 
direction finding (DF) receivers takes on the role of the receiver in a PBR/PMR configuration. The targets are 
assumed to be the generic Formidable-class frigate. A MATLAB model is developed to simulate the operating 
environment and passive detection and location process. Detection coverage is investigated to propose opti-
mal PBR/PMR configurations and geometry, while elliptical and hyperbolic target location methods are ex-
plored to quantify the effects of PBR/PMR parameters and geometry on target estimated location uncertainty.
Keywords: bistatic, multistatic, target detection, target location, passive coherent detection, non-cooperative 
transmitters, opportunistic transmitters, hitchhiker radar, forward-scattering, back-scattering, error ellipse, 
uncertainty ellipse
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BRIDGING THE GAP: ENHANCING SNA WITHIN THE 
MARINE CORPS INTELLIGENCE COMMUNITY
This paper has been recognized as outstanding by its department.
Robert Schotter–Captain, United States Marine Corps
Master of Science in Information Warfare Systems Engineering 
and Master of Science in Information Operations
Advisor: Raymond Buettner, Department of Information Sciences
Co-Advisor: Sean Everton, Department of Defense Analysis
Second Reader: Ian McCulloh, Johns Hopkins Applied Physics Lab
The United States Marine Corps and the Marine Corps’ intelligence community recognize that future adver-
saries are likely to be adaptive and complex. Both the Expeditionary Force 21 (EF 21) Capstone Concept and 
the Marine Corps Intelligence, Surveillance, and Reconnaissance Enterprise (MCISRE) Roadmap identify the 
need for advanced intelligence analysis. This thesis argues that social network analysis (SNA) is a worthwhile 
method, but one that is not currently used within the MCISRE. The purpose of this research is to determine 
the SNA knowledge level within the MCISRE and to recommend ways to bridge the gap between current 
knowledge with the knowledge required by the EF 21 and MCISRE Roadmap. A mixed-method approach 
combines a quantitative survey, meant to determine current SNA knowledge and proficiency, and qualitative 
interviews with various subject matter experts to determine corrective recommendations. Survey results and 
interviews indicate that Marine Corps intelligence personnel are not proficient in SNA and that SNA is often 
confused with other forms of intelligence analysis, such as link analysis and social media analysis (SMA). Caus-
al factors for these deficiencies are discussed using the doctrine, organization, training, materiel, leadership/
education, personnel, facilities (DOTmLPF) pillars as a template, and recommendations are given to correct 
them. Recommendations requiring further research are also explored and discussed.
Keywords: information operations, targeting, intelligence analysis, social network analysis, social media analy-
sis, Marine Corps Intelligence Surveillance and Reconnaissance Enterprise, MCISRE, Expeditionary Force 
21, Network Engagement
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ANALYSIS OF MANNING OPTIONS FOR VISIT, BOARD, SEARCH, AND SEIZURE TEAMS
Elizabeth Newbold–Lieutenant, United States Navy
Master of Science in Management
Advisor: William Hatch, Graduate School of Business and Public Policy
Co-Advisor: Aruna Apte, Graduate School of Business and Public Policy
This research explores the viability of qualifying and manning visit, board, search, and seizure (VBSS) teams 
with Marine infantrymen from the Marine Expeditionary Unit (MEU) that are deployed with amphibious 
readiness groups. The VBSS element is an area that needs to be certified for surface combatants before de-
ployment, and is required according to the Required Operational Capabilities, Projected Operational Environ-
ment, but it consumes time, material, and personnel from multi-mission naval ships. The sailors who execute 
VBSS do so as collateral duty, and the missions are considered evolutions (temporarily manned watch stations). 
This results in VBSS teams that are insufficiently trained and not performing the mission as described in the 
Navy Tactics, Techniques and Procedures 3–07–11M Maritime Interception Operations (MIO). The author 
used an analytical approach that the Combined Maritime Forces could use to assign Marine VBSS teams to 
ships tasked with MIO. The findings of this research recommend the elimination of sailors in the execution 
of Required Operational Capabilities element Missions of State 4.4 (VBSS mission). It is further recommended 
to use MEU Marines to execute the VBSS mission onboard surface combatants.
Keywords: VBSS, visit, board, search, and seizure, boarding party, maritime interdiction operations, MIO, 
maritime raid force, MRF, Marine Expeditionary Units, MEU, Marine VBSS
EXPEDITIONARY LOGISTICS: HOW THE MARINE CORPS 
SUPPORTS ITS EXPEDITIONARY OPERATIONS
Joshua Strand–Major, United States Marine Corps
Master of Science in Management
Advisor: Uday Apte, Graduate School of Business and Public Policy
Co-Advisor: Keebom Kang, Graduate School of Business and Public Policy
This thesis reviews the state of expeditionary logistics within the U.S. Marine Corps. Expeditionary logistics 
is further defined within this thesis as the support given to an expeditionary operation. This study further 
categorizes expeditionary logistics according to the phase of the operation in which they occur. This insight 
gives greater understanding into when and where different assets and strategies are utilized in order to sup-
port Marines deployed abroad, and why the methods employed are used. A hypothetical yet realistic case 
study based on a Marine unit deployed in support of a humanitarian aid disaster relief mission was developed 
to assist with understanding the conduct of expeditionary logistics within the Marine Corps. This case study 
provides insight with regard to the methods employed to sustain a force abroad. The case study also provides 
scale and timing to aid in the general flow of supplying an expeditionary operation. This thesis provides rec-
ommendations where improvements can be made in the Marine Corps’ process of conducting expeditionary 
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operations. Further study opportunities are identified to provide guidance for further research on the conduct 
of Marine Corps Expeditionary Logistics.
Keywords: Marine Corps, Expeditionary, Logistics, Battalion, Expeditionary Logistics, Expeditionary Opera-
tions
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MODELING AND MODEL IDENTIFICATION OF 
AUTONOMOUS UNDERWATER VEHICLES
Jose Alberti–Lieutenant Junior Grade, Peruvian Navy
Master of Science in Mechanical Engineering
Advisor: Noel du Toit, Department of Mechanical and Aerospace Engineering
Second Reader: Douglas Horner, Department of Mechanical and Aerospace Engineering
As autonomous underwater vehicles (AUVs) are deployed in more complex operational scenarios (e.g., multi-
vehicle operations or information gathering in cluttered littoral zones), accurate control of these platforms 
is of particular importance. However, the design of accurate controllers and these complex systems in gen-
eral require accurate models. This research is focused on the identification of rigid body and hydrodynamic 
modeling parameters of the THAUS (a modified SeaBotix vLBV300) and the Hydroid REMUS100 AUVs. A 
hydrodynamic model is adopted that accounts for vehicle-specific properties, including symmetry and antici-
pated flow properties. An experimental setup, based on a quadrifilar pendulum, is developed to measure the 
moments of inertia of the vehicle. System identification techniques, based on recursive least squares estimation 
with modifications for learning the parameters of dynamic systems, are applied in two approaches to learn the 
parametric models of the platforms: an individual channel excitation approach and a free decay pendulum test. 
The former is applied to THAUS, which can excite the system in individual channels in four degrees of free-
dom. These results are verified in the free decay pendulum setup, which has the advantage that the approach 
is independent of the platform actuation. The latter test is also applied to the REMUS AUV.
Keywords: autonomous and underwater vehicles, hydrodynamic modeling, system identification, model learn-
ing
MANEUVERABILITY ESTIMATION OF HIGH-SPEED CRAFT
This paper has been recognized as outstanding by its department.
Nazmi Aslan–Lieutenant Junior Grade, Turkish Navy
Master of Science in Mechanical Engineering
Advisor: Morris Driels, Department of Mechanical and Aerospace Engineering
Co-Advisor: Fotis Papoulias, Department of Systems Engineering
Second Reader: Fotis Papoulias, Department of Systems Engineering
This thesis focuses on the problem of predicting the maneuvering characteristic of high-speed craft. A math-
ematical model is derived based on equations by Lewandowski and Denny-Hubble in order to find the fun-
damental maneuvering characteristics. The model is developed in the MATLAB Simulink in-time domain 
with the help of Nomoto’s first-order model, which encapsulates the fundamental dynamics of turning on the 
horizontal plane. After the development of the model, Predator and Prey interactions are analyzed in order to 
estimate helmsman reaction when the vessel is attacked by a missile. Three different attacking situations are 
analyzed in missile-vessel interactions for the safety of the vessel, and the optimum distance has been found to 





start the escape maneuver. According to these escape situations, the missile should maintain a certain g-force 
to make an adequate turn and hit the vessel. These critical g-forces are calculated for each situation.
Keywords: high-speed craft, maneuverability estimation, control law, attack and avoidance, missile-vessel in-
teractions.
OPTIMAL PLACEMENT OF NON-INTRUSIVE WASTE HEAT 
RECOVERY DEVICES IN EXHAUST DUCTS
Ryan Bohning–Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Sanjeev Sathe, Department of Mechanical and Aerospace Engineering
Co-Advisor: Garth Hobson, Department of Mechanical and Aerospace Engineering
The Secretary of the Navy has ordered the U.S. Navy and Marine Corps to reduce energy usage. This study 
explores how to optimize placement and size of a non-intrusive waste heat recovery device for energy recovery 
in exhaust ducts. Additionally, it explores the effect that a device has on the exhaust infrared signature by ana-
lyzing the change in the bulk temperature at the exhaust outlet. Optimal device placement and size is depen-
dent on duct geometry, external heat transfer coefficient, and flow characteristics, namely Reynolds number. 
Infrared signature intensity reductions of 1–14% are only achievable with unpractically long thermoelectric 
generator devices and high external heat transfer coefficients. Doubling the external heat transfer coefficient 
increases heat recovery by 15–30% for low Reynolds number flows (104) and 75–90% for high Reynolds num-
ber flows (105~106). In low Reynolds number flows (~104), device position can account for a 75% change in 
energy recovery whereas high Reynolds number flows (~106) have unexpected areas of higher heat transfer. 
Position changes can increase heat recovery 10–70%, while increasing device size may only marginally im-
prove results. Identifying local maxima for heat transfer, especially in high Reynolds number flows (~106), is 
counterintuitive because of unexpected recirculation zone effects.
Keywords: waste heat recovery, thermoelectric generator, optimization, IR signature, heat transfer, thermal 
stress
HYDRODYNAMIC RESPONSE OF A COMPOSITE 
STRUCTURE IN AN ARCTIC ENVIRONMENT
Scott Bolstad–Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Young Kwon, Department of Mechanical and Aerospace Engineering
Second Reader: Jarema Didoszak, Department of Mechanical and Aerospace Engineering
Climate change has resulted in an increase in naval activity in the Arctic Ocean. While extensive research 
has been done on the interaction between different forms of ice and conventional steel hulls, little work has 
been done to assess the potential for composite-hulled vessels to operate safely in Arctic sea lanes. The goal 
of this experiment was to determine how well a composite hull can withstand ice loading and impacts with 
free-floating ice and whether a tumblehome, conventional, or a vertical hull performs best in the presence of 
ice. In order to do this, the tow tank at the Naval Postgraduate School was used. An ice equivalent was found 
which allowed for repeatable experimentation. Strain gauges were attached to critical locations of the compos-
ite plate towed through the tank. Both plate deformation and the resulting hydrodynamic force were measured 
for various ice conditions. A high-speed camera was used to qualitatively understand the flow characteristics 
of the ice around the composite plate. Finally, ANSYS was used to determine if it was possible to replicate the 
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experimental results. This work lays a basis for future tow tank experimentation involving ice interaction at 
the Naval Postgraduate School.
Keywords: tow tank, fluid structure interaction, FSI, composite material, e-glass, ANSYS, hull shape, CFX, 
arctic
FABRICATION OF A MECHANICALLY ROBUST CARBON NANOFIBER FOAM
This paper has been recognized as outstanding by its department.
William Curtin–Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Claudia Luhrs, Department of Mechanical and Aerospace Engineering
Second Reader: Garth Hobson, Department of Mechanical and Aerospace Engineering
In this thesis, the constrained formation of fibrous nanostructures process was scaled up to fabricate me-
chanically robust, homogenous foam samples. Scaling up this process required the design of a stainless steel 
mold capable of maintaining conditions supportive of the carbon nanofiber foam growth such as gas flows, 
constrained growth area, stable at the temperature and time employed. The gas flow distribution during the 
growth process was achieved using stainless steel deflectors capable of consistently directing adequate amounts 
of hydrocarbon to all chamber regions. ANSYS CFX models were used to simulate the gas flows with and 
without deflectors. Analysis of the experimental variables impact on the foam generation showed that the gas 
flows and their temperature had a greater influence in the foam robustness than reaction times. Control over 
the growth variables successfully created an interwoven carbon nanofiber foam material of larger dimensions 
than previous efforts. The carbon mats microstructures were studied using Scanning Electron Microscopy 
and their surface area determined by the Brunauer-Emmett-Teller method. The catalyst employed during 
fabrication was recovered using a leaching method that dissolved the palladium without damaging the carbon 
foam. The recovery experiment validated the technique as a viable way to reduce manufacturing costs in this 
process.
Keywords: mechanically robust nanofiber foam production method
A NOVEL NONELECTROLYTIC PROCESS FOR CHROMIUM AND NICKEL COATING
This paper has been recognized as outstanding by its department.
Karima Greenaway–Lieutenant, United States Coast Guard
Master of Science in Mechanical Engineering
Advisor: Jonathan Phillips, Department of Physics
Co-Advisor: Claudia Luhrs, Department of Mechanical and Aerospace Engineering
The use of hexavalent chromium in metal coating operations, as per electrolytic processing, is subject to in-
creasingly restrictive regulations due to its carcinogenic and toxic properties. Yet, these coatings are critical 
for corrosion resistance in aircraft parts such as hydraulic systems. This has led to many efforts to find high 
quality non-electrolytic coating processes. The guiding hypothesis of this work was that a version of the Re-
duction Expansion Synthesis (RES) process, previously used to produce submicron metal particles, could be 
developed to create metal coating. This study involved the production of coatings by a variety of RES-like 
protocols, based on mixing metal nitrates, urea, and sometimes other reagents with uncoated metal wires, then 
heating (ca. 900 C) in an inert atmosphere. The primary tools employed to study the coatings were optical 
microscopy, X-ray diffraction, scanning electron microscope, and energy dispersive X-ray microprobe. The 
first protocol created essentially a carbon surface layer. This was mitigated in later protocols, and the coat-
ings contained the desired metals. However, the coating morphology was imperfect and contained impurities. 
86
MECHANICAL ENGINEERING
Clearly, metal can be deposited with RES like processes, but further development will be needed to create 
metal layers of acceptable quality.
Keywords: reduction expansion synthesis (RES), metal coating, chrome coating, nickel coating
PROCESSING-MICROSTRUCTURE-PROPERTY RELATIONSHIPS 
FOR COLD SPRAY POWDER DEPOSITION OF AL-CU ALLOYS
This paper has been recognized as outstanding by its department.
Jeremy Leazer–Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Sarath Menon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Luke Brewer, Department of Mechanical and Aerospace Engineering
This thesis presents research on the cold gas-dynamic spray process applied to the deposition of aluminum-
copper alloy coatings. Cold spray deposition is a process utilized to create corrosion protection coatings and to 
perform additive repair for aluminum structures. This thesis utilized a series of Al-Cu binary alloy powders, 
from 2–5 weight percent copper and characterized their chemistry and microstructure. The powders were de-
posited using the cold spray approach to study the systematic increase of the alloying agent on the deposition 
process and coating characteristics. Deposition efficiency, critical velocity, coating thickness, hardness, poros-
ity, and microstructure were all characterized as functions of carrier gas pressure, carrier gas temperature and 
feedstock powder copper composition. This thesis has demonstrated that all of the aluminum copper powders 
utilized can be successfully deposited via the low-pressure cold spray process with helium as the carrier gas. 
The copper content of the powders has a direct effect on the volume fraction of Al2Cu intermetallics, and 
on the coating hardness, while having no measurable effect on critical velocity for deposition or the coating 
thickness per pass.
Keywords: cold spray, aluminum copper, particle velocity, critical velocity
USE OF CARBON NANO-FIBER FOAMS AS STRAIN 
GAUGES TO DETECT CRACK PROPAGATION
Ervin Mercado–Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Claudia Luhrs, Department of Mechanical and Aerospace Engineering
Co-Advisor: Jonathan Phillips, Department of Physics
This thesis focuses on testing the feasibility of using carbon nanofiber foams as strain gauge material to 
detect crack propagation in aluminum structures. We produced the tridimensional carbon nanofiber foams 
using a process that exposed palladium catalyst particles to a fuel rich oxygen/ethylene mixture at moderate 
temperatures in a tubular furnace. The microstructure of the foam generated was characterized using a scan-
ning electron microscope to determine diameter and distribution of the fibers within the foam. Sections of 
the foam, electrically isolated, were attached to aluminum tensile specimens. Simultaneous mechanical and 
electrical measurements were conducted on the aluminum-foam fixtures. The mechanism responsible for the 
conductivity values seems to be related to the number of contacts established between all fibers as the foam 
was compressed or stretched during tensile tests, as opposed to the electrical properties of the individual fi-
bers. The design of the foam sensor and the way it is attached to the aluminum plates presented challenges that 
will need to be further addressed. The data showed a correlation between strain levels in the aluminum probes 
and the resistivity detected in the foam, confirming that the later can be employed as a sensor to monitor the 
structural integrity of the former.
Keywords: carbon nano-fiber foam, crack propagation, strain gauges
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GLASS FIBER RESIN COMPOSITES AND COMPONENTS AT ARCTIC TEMPERATURES
Douglas Miller–Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Young Kwon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Chanman Park, Mechanical and Aerospace Engineering
Second Reader: Jarema Didoszak, Department of Mechanical and Aerospace Engineering
Glass fiber reinforced composites (GFRC) are used in a wide variety of applications within the U.S. Navy. 
With a potential increase in arctic operations in the Navy’s future, it is important to understand how GFRCs 
will react at arctic temperatures. Previous research has shown that material properties of GFRC at cold tem-
peratures are dependent on the reaction between the fiber and the resin, but little research has been conducted 
that was geared toward naval applications at arctic temperatures. This thesis focuses on the tensile properties 
of GFRC, resin, and glass fiber used in previous NPS-related composite research. The properties of the in-
dividual components are compared to assist in the design of composite structures, and provide a baseline to 
assess the need to re-conduct previous composite experiments at arctic temperatures.
Keywords: composite, glass fiber, resin
ENGINEERING OF NANOSCALE ANTIFOULING AND HYDROPHOBIC 
SURFACES ON NAVAL STRUCTURAL STEEL HY-80 BY ANODIZING
This paper has been recognized as outstanding by its department.
Thomas Samaras–Lieutenant, Hellenic Navy
Master of Science in Mechanical Engineering
Advisor: Sarath Menon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Claudia Luhrs, Department of Mechanical and Aerospace Engineering
The impact that biofouling has on a ship’s performance has long been recognized, since it increases the 
frictional resistance of the hull and can increase the ship’s fuel consumption. In this study, the spectrum of 
hydrophobic and antifouling surface patterns that can electrochemically be fabricated on HY-80 steel (alloy 
that is broadly used in shipbuilding for welded hull plates) is examined. After the fabrication of nanoscaled 
topographies, the optimum conditions for anodizing are determined by correlating the processing condi-
tions with microstructural data. Characterization of the surface oxides was conducted by techniques such as 
scanning electron and focused ion beam microscopy as well as identification of the formed phases by X-ray 
diffraction techniques. Hydrophobicity of the surfaces was examined by measuring the contact angle of deion-
ized water on the HY-80 steel surface. These studies revealed the improved wetting behavior of the anodized 
surfaces. Thermogravimetric analysis along with quantitative examination of the biofouling on the specimens 
were studied after prolonged exposure to seawater and indicated a decrease in the corrosion rate of anodized 
surfaces.
Keywords: steel, HY-80, anodization, biofouling, hydrophobic, anticorrosion, nanoporous
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DEVELOPMENT OF A CROSS-FLOW FAN POWERED  
QUAD-ROTOR UNMANNED AERIAL VEHICLE
This paper has been recognized as outstanding by its department.
Eric Smitley–Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Anthony Gannon, Department of Mechanical and Aerospace Engineering
Second Reader: Garth Hobson, Department of Mechanical and Aerospace Engineering
The research presented is dedicated to the advancement of construction techniques in order to implement 
new designs of a vehicle suited for cross-flow fan propulsion. This is accomplished by designing a quad-rotor 
cross-flow fan that incorporates lessons learned from previous generation models as well introducing novel 
new construction concepts tailored to cross-flow fan propulsion vehicles. The current vehicle design was built 
using both custom and standard sections. Commercially available drivetrain and control components are used. 
The new design focused on three key areas of improvement: airframe simplification, gross takeoff weight 
reduction and structural rigidity improvement. At all phases the construction and emphasis on using readily 
available technologies or minor modifications to these was maintained. Novel techniques in construction are 
presented that allow these technologies to be leveraged. Finally, a new vehicle was built and tested and shown 
to be able to take-off vertically and be fully controllable in pitch, yaw, and roll.
Keywords: vertical take-off and landing, VTOL, cross-flow fan, CFF, control, quad-rotor
WIND EFFECTS ON SUN TRACKING SOLAR REFLECTING PANELS
Corwin Wagner–Lieutenant Commander, United States Navy
Master of Science in Mechanical Engineering
Advisor: Muguru Chandrasekhara, Department of Mechanical and Aerospace Engineering
Co-Advisor: Sanjeev Sathe, Department of Mechanical and Aerospace Engineering
Wind loads on sun-tracking solar reflector panels exposed to the atmospheric boundary layer were established 
through surface static pressure measurements to determine how wind affects them, specifically at the request 
of SPAWAR-Pacific, which has developed a custom design. A 1:8 scale model of a four-panel array was studied 
in the Naval Postgraduate School wind tunnel. Wind velocity, wind angle orientation, and individual panel 
positions, at which the highest pressure coefficient cases were anticipated, were varied. The pressure coef-
ficients were measured by an array of Scanivalve pressure transducers with 16 pressure taps drilled into the 
top and bottom surfaces of each panel. Oil flow and smoke flow visualization techniques were performed to 
better understand the flow features that led to the greatest pressure coefficients. A parapet was included to 
observe the wind effects of various positions. Additionally, pressure measurements were observed using a 
rounded edge installed on the lead panel edges. This notion was to assist in not only minimizing wind loads, 
but also in determining a safe stow position of the array during high wind events. The measurements and the 
flow visualization studies both provided a cohesive and constructive picture of the flow. The windward panel 
was found to be subjected to the thrust of the wind loads in most cases, with a maximum recorded differential 
pressure coefficient of 3.25. However, when in combination with attaching the rounded edge to the windward 
panel and setting it negative five degrees, pressure coefficients were decreased by more than 70%. Parapets of 
the appropriate help also reduced the measured loads significantly.
Keywords: wind loads, wind effects, PV array, solar reflector panels.
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INTERANNUAL VARIATIONS IN ARCTIC WINTER TEMPERATURE: 
THE ROLE OF GLOBAL SCALE TELECONNECTIONS
Kathryn Parrish–Lieutenant, United States Navy
Master of Science in Meteorology
Advisor: Tom Murphree, Department of Meteorology
Co-Advisor: David Meyer, Statistical Solutions LLC
To skillfully predict Arctic climate, one must fully understand the conditions influencing Arctic climate on 
intraseasonal, interannual, and multi-decadal time scales. This study aims to improve climate support to U.S. 
military operations in the Arctic by exploring the interannual variations in Arctic temperature during the 
winter. We have found statistically significant and dynamically plausible mechanisms for the variation in 
January-March (JFM) 850 hectoPascal (hPa) Arctic air temperature (T850, °C). We used JFM Arctic T850 
data for 1970–2014 to analyze the associated global scale processes from 75N–90N via time series, composite, 
correlation, and teleconnection analyses. The patterns and teleconnections revealed in these analyses closely 
resembled those that have been associated with El Niño-La Niña (ENLN). Correlations between JFM Arctic 
T850 and ENLN, via the Multivariate El Niño-Southern Oscillation Index (MEI), were statistically signifi-
cant at lead times of zero to ten months, and showed that the MEI may be a good predictor of JFM Arctic 
T850. These results indicate a significant potential for the improvement of long-range climate support for U.S. 
Navy operations in the Arctic.
Keywords: arctic climate, climate system, climate variability, interannual, teleconnection, El Nino-La- Nina, 
arctic oscillation, Pacific-North American, Madden-Julian oscillation, polar vortex, dynamic warming
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AN ANALYSIS OF METEOROLOGICAL MEASUREMENTS USING A 
MINIATURE QUAD-ROTOR UNMANNED AERIAL SYSTEM
Christopher Machado–Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Peter Guest, Department of Meteorology
Co-Advisor: Andreas Goroch, NRL (Retired)
Naval operational weather products, especially EM prediction, often fail to capture key meteorological fea-
tures in the boundary layer due to the absence of high-resolution profile data. Quad-rotor sUAS with meteo-
rological sensing capabilities may provide a solution for acquiring vertical profile data at sea. With the use of 
an RS92 radiosonde, InstantEye small Unmanned Aerial System (sUAS), and a calibrated sensing tower we 
analyzed the effects a quad-rotor had on the accuracy of temperature and pressure profiles in the surface layer. 
In unstable atmospheres temperature measurements made in the surface layer are as accurate as the manufac-
turers claimed accuracy. In stable atmospheres mixing occurs below 1.3 m, and above 2 m sampled air comes 
from as much as 2 m aloft. The InstantEye’s rotors contribute to the variation in temperature measurement, 
and this effect is strongest near the surface. The variations introduced by the prop-wash helped suppress natu-
ral variations from turbulent fluctuations, but are still present above the surface layer. The InstantEye also 
introduces a 0.12 hPa pressure bias while in flight due to rotor-induced lift.
Keywords: quad-rotor, Surface layer, error analysis, atmospheric temperature profile, UAS, sUAS
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SIMULATING MISSION COMMAND FOR PLANNING AND ANALYSIS
Hasan Beker–First Lieutenant, Turkish Army
Master of Science in Modeling, Virtual Environments, and Simulation (MOVES)
Advisor: Arnold Buss, MOVES Institute
Second Reader: Leroy Jackson, Trac Monterey
Time is of importance for the success of a military mission and is a beneficial tool that can provide an advan-
tage over the enemy if used effectively. This thesis prototypes a mission-planning and analysis simulation for 
commanders and staff officers to assist in the mission-planning process and helps them to manage the dura-
tion of a mission by using technology and mission command as a means to accelerate mission. The simulation 
and analysis of the output data in this thesis has five main benefits. Firstly, it finds the critical path of the 
task network system of a mission planned according to the mission command concept. Secondly, it gives the 
estimated success rate of finishing the mission on time. Thirdly, it provides an interactive mission-planning 
process and amortizes most critical factors of war such as morale, leadership, weather, and terrain. Fourthly, 
it saves time and money spent for the mission by focusing attention on only a small part of the tasks planned 
during the mission-planning process. Lastly, the Excel sheets developed in the course of this work can be used 
as a matrix for synchronizing the mission plan.
Keywords: mission planning, CPM, PERT, simulation, DES, Simkit, triangle distribution, critical path
UNDERSTANDING OPTIMAL DECISION-MAKING
John Critz–Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation (MOVES)
Advisor: Quinn Kennedy, Department of Operations Research
Co-Advisor: Jon Alt, Department of Operations Research
The military has realized that their most valuable and adaptable assets are its leaders. Understanding optimal 
decision-making will allow the military to more effectively train its leaders. The Cognitive Alignment with 
Performance Targeted Training Intervention Model (CAPTTIM) was developed to aid the training of optimal 
decision making. CAPTTIM determines when decision performance (categorized as near-optimal or subopti-
mal) is aligned or misaligned with cognitive state (categorized as exploration or exploitation): When someone 
thinks they have figured out the task (exploitation cognitive state), is their decision performance actually near 
optimal? Prior research categorized subjects’ cognitive states as exploration or exploitation, but the delinea-
tion of decision performance had yet been done. The primary focus of this thesis was to use pre-collected and 
de-identified data to (1) determine and validate a threshold that delineated near-optimal and suboptimal deci-
sion performance with the metric, regret, and (2) categorize the combination of cognitive state and decision 
performance into CAPTTIM on a trial-by-trial basis. A change point analysis of regret provided an effective 
threshold delineation of decision performance across all subjects. Visualization techniques were employed to 
categorize decision and cognitive state data into CAPTTIM on a trial-by-trial basis. Thus, CAPTTIM was 
validated as a means of understanding decision-making.
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DEVELOPMENT OF CANONICAL MARINE AVIATION LOGISTICS 
SUPPORT PROGRAM II (MALSP II) DEPLOYMENT
This paper has been recognized as outstanding by its department.
Brian Bagley–Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Chad Seagren, Department of Operations Research
Second Reader: Michael Atkinson, Department of Operations Research
This thesis develops and assesses possible Marine Aviation Logistics Support Program II (MALSP II) de-
ployment configurations based on current allowancing procedures. MALSP II is intended to provide a more 
responsive logistics system with less sensitivity to variability in demand and trans-shipment times while reduc-
ing the logistical footprint. However, little work has been done on evaluating possible deployment models. We 
employ a Java-based discrete event simulation and implement a full-factorial experimental design to analyze 
how factors such as network complexity, distance, and number of aircraft affect the system’s ability to support 
inventories of a total of 956 different repairable components. We investigate ideal locations to stage high-
priority repair components in order to achieve best system performance, given limited resource allowances. 
By understanding the effects of different deployment configurations, we provide the Deputy Commandant for 
Aviation, the MALSP II Program Office, and Marine Aviation Logistics Squadrons with a model with which 
to train and provide decision makers with a better understanding of the MALSP II capabilities over the range 
of military operations.
Keywords: MALSP II, discrete event simulation, Marine Corps aviation logistics, deployed aviation logistics, 
simkit, pull-based logistics, nodal network, logistics network
OPTIMIZING DEPARTMENT OF DEFENSE ACQUISITION 
DEVELOPMENT TEST AND EVALUATION SCHEDULING
Shane Edwards–Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Gerald Brown, Department of Operations Research
Second Reader: Jeffrey Kline, Department of Operations Research
Department of Defense (DOD) Development Test and Evaluation (DT&E) activities for new acquisitions ac-
count for a large portion of time and money during the Engineering and Manufacturing Development Phase. 
DOD Program Management Office test personnel develop test schedules manually using time estimates and 
heuristic subject matter expert advice for each test to forecast the overall time and costs associated with a 
developed course of action. These manually constructed schedules take weeks to develop via many planning 
iterations to construct an acceptable, but not necessarily feasible or optimal solution. Ultimately, these forecast 
schedules and duration estimates can be inaccurate, and may result in schedule delays and/or cost overruns. 
This thesis presents an optimization and simulation model as a decision support tool to improve current 
DT&E scheduling. We represent this resource-constrained scheduling problem as an integer linear program, 
and develop set enumeration reduction techniques, as well as a cascade method to reduce solve times. The 
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proposed model, unlike current manual scheduling techniques, suggests schedules that are feasible, nearly 
optimal, and are produced quickly for effective analysis of alternatives.
Keywords: optimization, test and evaluation, integer linear programming, cascade, project scheduling, project 
management
PERSONNEL RETENTION POLICY AND FORCE QUALITY: 
TWICE-PASSED STAFF SERGEANTS
This paper has been recognized as outstanding by its department.
Mark Fitzgerald–Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Samuel Buttrey, Department of Operations Research
Second Reader: Chad Seagren, Department of Operations Research
In the Marine Corps, staff sergeants twice-passed (2P) for promotion to gunnery sergeant lower the quality 
of the enlisted force, slow promotion rates, and carry an institutional cost. The objectives of this study are to 
determine predictors of 2P likelihood, evaluate the efficacy of retention policy alternatives, and investigate 
institutional costs of retaining 2P staff sergeants in terms of productivity loss, excess subordinate attrition, and 
retirement obligations. Logistic regression is used to evaluate the likelihood of a staff sergeant being passed 
twice for promotion. At the time of reenlistment, Physical Fitness Test score, commander’s recommendation, 
adverse material, Marine Corps Martial Arts Program belt attainment, racial identification, Armed Forces 
Qualification Test score, and body composition are significant factors in the chosen model. Markov model 
evaluation shows a 20-percent reduction in approved staff sergeant reenlistments reduces the twice-passed 
inventory by 9 percent, and a non-retention policy for 2P staff sergeants reduces their inventory by 60 per-
cent. The annual cost of retaining 2P staff sergeants is estimated to have a present value of $120 million in 
retirement obligations, productivity loss of 2,770 full-time equivalents, and excess subordinate attrition of 340 
Marines. These order-of-magnitude institutional costs can be significantly reduced through targeted retention 
policies.
Keywords: USMC, Marine Corps, manpower, personnel, inventory, policy, 2P, twice passed, Staff NCO, staff 
sergeant, retention, reenlistment, promotion, promotion timing, fast-promoting, slow-promoting, retirement, 
regression, predictor, success, performance, quality
DATA QUALITY AND RELIABILITY ANALYSIS OF U.S. MARINE 
CORPS GROUND VEHICLE MAINTENANCE RECORDS
Adam Foley–Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Robert Koyak, Department of Operations Research
Co-Advisor: Michael Atkinson, Department of Operations Research
Second Reader: Chad Seagren, Department of Operations Research
We evaluate data quality issues present in Marine Corps maintenance records and develop statistical models 
to identify the most influential predictor variables to estimate the expected number of failures that cause a ve-
hicle to be non-operational. When a vehicle becomes non-operational, we refer to it as a deadlining event. We 
analyze data collected from 3,154 Medium Tactical Vehicle Replacement (MTVR) vehicles between January 
1, 2011, and December 31, 2013. Data quality issues are present in vehicle serial numbers, maintenance defect 
codes, regional code, and odometer readings. Due to the high level of inaccuracy in odometer meter readings, 
vehicle mileage cannot be used as a metric for usage. We build Poisson generalized linear regression models 
to estimate the expected number of vehicle deadlining events. Without the presence of a true measurement 
of vehicle usage, the insight gained from fitting regression models to the maintenance data is limited. The 
97
OPERATIONS RESEARCH
number of unscheduled maintenance events acts as a surrogate usage measure within the model. In our model, 
more than one scheduled maintenance event per year shows evidence of reducing the number of deadlining 
events. We recommend the improvement of odometer meter reading accuracy in order to provide an effective 
usage measurement for future studies.
Keywords: Medium Tactical Vehicle Replacement, MTVR, reliability, reliability analysis, Poisson regression, 
Poisson generalized linear model, data quality
A GEOGRAPHIC OPTIMIZATION APPROACH TO COAST GUARD SHIP BASING
Mehmet Gençay–Lieutenant Junior Grade, Turkish Coast Guard
Master of Science in Operations Research
Advisor: Roberto Szechtman, Department of Operations Research
Second Reader: Michael Atkinson, Department of Operations Research
This thesis studies the problem of finding efficient ship base locations, area of operations (AO) among bases, 
and ship assignments for a coast guard (CG) organization. This problem is faced by many CGs around the 
world and is motivated by the need to optimize operational outcomes in the face of budget constraints. There 
is a need for a tool to optimize the placement of the available number of ships to candidate bases and the as-
signment of the AOs for each base. In this thesis, we developed a model that takes the objective of minimizing 
the weighted demand for CG services. We also used constraints to have proportionate AOs to the number 
of ships on each base and partition constraints. To the best of our knowledge, until now, there has yet to be 
a tool designed for finding both ship allocations and AOs for each base. Therefore, developing this tool is a 
huge step forward in this area.
Keywords: Coast GTuard, ship basing, ship allocation, geographic optimization
OPTIMIZATION OF SOURCE AND RECEIVER PLACEMENT 
IN MULTISTATIC SONAR ENVIRONMENTS
This paper has been recognized as outstanding by its department.
Christoph Hof–Lieutenant Colonel, German Army
Master of Science in Operations Research
Advisor: Emily Craparo, Department of Operations Research
Second Reader: Mumtaz Karatas, Department of Operations Research
The usage of non-collocated sources and receivers in multistatic sonar networks (MSNs) has emerged as a 
promising area of opportunity in sonar systems. This thesis addresses point coverage sensing problems in 
MSNs, where a number of points of interest (targets) must be monitored. For detection we assume cookie-
cutter sensors and a two-dimensional homogenous environment. Based on cur-rent algorithms and the theory 
of detection discs, we develop the new preprocessing algorithm LOC-GEN-II to determine possible locations 
for sources given a set of targets and receivers. The high efficiency of this algorithm is based on the greedy-like 
approach it is built upon and allows a significant reduction of computing time compared to a recent algorithm 
from the literature. We also address the problem of optimally placing multiple sources and receivers for a given 
set of targets. Up to now, this problem was solved with the simplification of setting receivers randomly and 
placing only sources optimally. We develop LOC-GEN-II further into a two-step process of determining near 
optimal positions for receivers and sources successively. The procedure is implemented as a faster one-step 
solution and a slower iterative approach, which leads to better detection results. With this approach we show 
that the newly developed algorithms allow solution of multiple sensor placement problems in an acceptable 
time with significantly better detection results compared to the benchmark.
Keywords: multistatic sensor network, point coverage sensing, optimization
98
OPERATIONS RESEARCH
REVIEW OF THE CURRENT BODY FAT TAPING METHOD AND ITS IMPORTANCE 
IN ASCERTAINING FITNESS LEVELS IN THE UNITED STATES MARINE CORPS
Kerry Hogan–Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Lyn Whitaker, Department of Operations Research
Second Reader: Chad Seagren, Department of Operations Research
The United States Marine Corps (USMC) prides itself on its high standards of physical fitness and appearance. 
The USMC method to determine body composition is two-fold: weight and body fat based. The Department 
of Defense (DOD) body fat estimate was developed based on data collected in 1984 from the Naval Health 
Research Center, San Diego. In this thesis, multiple linear regression is used to estimate body fat on the 
overweight sample from the 1984 data. This thesis applies the DOD body fat estimate on a sample of current 
USMC males and females. Models are also fit to estimate weight in the current active-duty USMC population 
using physical fitness attributes. We find that physical fitness does not predict weight well. Models fit to the 
overweight members of the 1984 data are biased, overpredicting body fat at the lower end of the spectrum 
and underpredicting at the higher end. When applied to the current male USMC sample, the DOD body fat 
estimate overpredicts body fat in 30% of overweight males. When applied to the female USMC sample, the 
DOD method overpredicts body fat in 82% of overweight females. The current DOD taping method is a poor 
model, and needs to be revised.
Keywords: body fat, height, weight, anthropometric measurement, multiple linear regression, physical fitness
IMPROVING THE TAIWAN MILITARY’S DISASTER RELIEF RESPONSE TO TYPHOONS
Hung-xin Li–1st Lieutenant, Republic of China Army
Master of Science in Operations Research
Advisor: Susan Sanchez, Department of Operations Research
Co-Advisor: Samuel Buttrey, Department of Operations Research
Second Reader: Javier Salmeron, Department of Operations Research
Taiwan is prone to many natural disasters, especially typhoons. This thesis adapts an existing stochastic prepo-
sitioning optimization model to create a tool for Taiwan military disaster recovery planners, and then uses 
experimental design techniques to systematically explore solutions. The goals are to minimize the expected 
number of casualties and unmet commodities demands, and to determine the average number of workers 
deployed in response to each scenario. A design of experiments methodology is applied to the optimization 
model to reveal how uncertainty in the parameters translates to uncertainty in objective function values. The 
approach can also identify the parameters with the greatest impact on the objective function, and result in 
more robust solutions. The analysis demonstrates that it is not always necessary to spend as much money and 
deploy as many workers as in the past in order to get the best results. Additionally, the approach shows how 
a decision maker, with more accurate and current weather reports, can refer to the path and intensity of ty-
phoons while making rescue plans. In summary, this research shows that there is great potential for quantita-
tive methods to improve the disaster-relief planning process.
Keywords: design of experiments, stochastic optimization, foreign disaster relief
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EVALUATING AND IMPROVING THE SAMA (SEGMENTATION 
ANALYSIS AND MARKET ASSESSMENT) RECRUITING MODEL
William Marmion–Captain, United States Army
Master of Science in Operations Research
Advisor: Lyn Whitaker, Department of Operations Research
Co-Advisor: Jonathan Alt, Department of Operations Research
Military recruiting for an all-volunteer force requires deliberate planning and market analysis in order to 
achieve prescribed recruiting goals. United States Army Recruiting Command (USAREC) leaders and plan-
ners leverage existing tools and technology to measure performance and potential within their areas of re-
sponsibility. One of the tools used by USAREC is the Segmentation Analysis and Market Assessment (SAMA) 
tool. This tool calculates recruitment potential of recruiting centers using a four-year weighted performance 
average within customized Army market segments. An analysis of the current SAMA model shows it over-
estimates production potential for 96% of centers, leading decision makers to set unrealistic goals for their 
organizations. The use of additional factors and alternative modeling approaches, least squared regression, 
and neural networks, results in models with greater predictive power, while avoiding overestimation. The sta-
tistical models developed in this thesis match the predictive power of the current SAMA methodology while 
overestimating average potential by only 3.8%. More precise modeling tools will improve USAREC’s ability 
to more effectively plan recruiting operations and allocate resources.
Keywords: recruiting
AN INNOVATIVE APPROACH FOR THE DEVELOPMENT OF 
FUTURE MARINE CORPS AMPHIBIOUS CAPABILITY
This paper has been recognized as outstanding by its department.
Jeffrey Parker–Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Susan Sanchez, Department of Operations Research
Co-Advisor: Paul Beery, Department of Systems Engineering
Second Reader: Eugene Paulo, Department of Systems Engineering
The United States Marine Corps will bring toughness, vision, and refined tactics, techniques, and procedures 
(TTPs) from a 13-year desert fight into the next major combat operation or small contingency. This Marine 
Corps proclivity for action is reflected in driven Marines, doctrine and the personnel carriers or vehicles 
used by Marines to execute maneuver warfare from the sea. The first responder for the next contingency will 
likely be the Marine Expeditionary Unit (MEU), which is the smallest seabased configuration of a Marine 
Air Ground Task Force. The MEU provides rapid crisis response from U.S. Navy ships and is likely to be the 
principal component of the future force at sea. This research informs the top procurement priorities for the 
United States Navy by evaluating the MEU’s expeditionary amphibious assault capability and the use of ship-
to-shore connectors. In hundreds of thousands of simulated assaults, it identifies TTPs and mission profiles 
that achieve increased operational effectiveness, while employing less operational energy. The major results 
quantify the benefits of debarking amphibious forces at closer distances, show that a self-deployer presents a 
significant advantage to the landing force, and reveal the diminishing returns of high water speed.
Keywords: agent-based, dashboard, design of experiment, amphibious combat vehicle, MANA, robust solu-
tion, simulation, amphibious assault, data farming, ship-to-shore connectors
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PREDICTING U.S. ARMY RESERVE UNIT MANNING USING MARKET DEMOGRAPHICS
This paper has been recognized as outstanding by its department.
Nathan Parker–Captain, United States Army
Master of Science in Operations Research
Advisor: Samuel Buttrey, Department of Operations Research
Co-Advisor: Jonathan Alt, Department of Operations Research
Second Reader: Jeffrey House, Department of Operations Research
This thesis develops a data-driven, statistical model capable of predicting a U.S. Army Reserve (USAR) unit’s 
manning level based on the demographics of the unit’s location. This model will aid decision-makers involved 
in USAR stationing by assessing the ability of a proposed stationing location to support a unit’s manning re-
quirements. USAR units must recruit the majority of their personnel from the population within immediate 
proximity to the unit. Since the recruiting boundaries of multiple reserve centers often overlap, this thesis 
first develops an allocation method that ensures the population is not over-counted. This thesis then develops 
linear regression, classification tree, and logistic regression models to determine the ability of the location to 
support manning requirements. These models demonstrate that local demographic factors are a key driver in 
the ability of unit to meet its manning requirements. In particular, the logistic regression model delivers pre-
dictive results that allow decision-makers to identify locations with a high probability of meeting unit manning 
requirements. The recommendation of this thesis is that the USAR implement the logistic regression model.
Keywords: U.S. Army Reserve, USAR, manning, stationing, readiness, recruiting, data analysis, logistic re-
gression, classification tree
OPTIMIZING LONG-TERM CAPITAL PLANNING FOR SPECIAL OPERATIONS FORCES
Gretchen Radke–Major, United States Army
Master of Science in Operations Research
Advisor: Emily Craparo, Department of Operations Research
Co-Advisor: Jonathan Alt, Department of Operations Research
Second Reader: Robert Bradford, Chief, Strategic Planning Division, 
Headquarters USSOCOM, J8-S
The United States Special Operations Command (USSOCOM) J8 directorate is responsible for planning long-
range capital expenditure for Special Operations Forces (SOF). In executing its mission as the designer of the 
future SOF, the USSOCOM J8 uses the Long-Range Capital Planning Toolkit (LRCPT) to compare total 
obligation authority to projected investments over a 30-year time horizon. The LRCPT allows USSOCOM to 
change project and resource category parameters to analyze the effects on available procurement and research, 
development, test, and evaluation allocations. This what if analysis allows for course-of-action comparison 
and helps USSOCOM visualize resource impacts, but the LRCPT does not provide an optimized program 
portfolio. The goal of this thesis is to improve the LRCPT by developing proof-of-principle optimization 
models for long-range capital planning. We present three linear optimization models: (1) the Binary Knapsack 
model, (2) the Weighted Goal Programming model, and (3) the Weighted Goal Programming with Platform 
Tracking model. These models can be incorporated into the LRCPT to provide USSOCOM with an efficient 
method for optimizing long-term procurement planning, ensuring there are no SOF capability gaps over the 
30-year horizon.
Keywords: Special Operations Forces, optimization, United States Special Operations Command, capital 
planning, modernization, binary knapsack model, bounded integer knapsack model, integer programming, 
weighted goal programming, USSOCOM, SOCOM, SOF
101
OPERATIONS RESEARCH
ANALYSIS OF THE USE OF UNMANNED COMBAT AERIAL 
VEHICLES IN CONJUNCTION WITH MANNED AIRCRAFT TO 
COUNTER ACTIVE TERRORISTS IN ROUGH TERRAIN
Fatih Sen–First Lieutenant, Turkish Air Force
Master of Science in Operations Research
Advisor: Thomas Lucas, Department of Operations Research
Second Reader: Jeffrey Appleget, Department of Operations Research
Turkey has been battling with terrorist groups since the 1980s. In total, more than 35,000 Turkish people have 
been killed by terrorists. The majority of the terrorist activities take place near the Turkish-Iraqi border, which 
is characterized by rough terrain. Problems, such as lengthy distances, often prevent aircraft from reaching the 
area before the terrorists achieve their objectives. Limited fuel capacity and challenging geographical condi-
tions are other issues that must be overcome. Because of their technical capabilities and longer flight times, 
Unmanned Combat Aerial Vehicles (UCAVs) may enhance Turkey’s ability to counter active terrorists in that 
region. In this research, Map Aware Non-uniform Automata (MANA) is used to model different counterter-
rorism scenarios taking place along the Turkish-Iraqi border. We examine the potential effectiveness of using 
UCAVs in conjunction with manned aircraft to detect and eliminate terrorists trying to cross the border and 
attack Turkish military assets. For this purpose, we analyze the data from 102,800 simulated air-to-ground 
attacks using data analysis techniques, such as comparison and regression analysis. The analysis shows that 
UCAVs, with their additional sensors on the border and being able to rapidly attack identified targets, are very 
efficient in quickly countering terrorists and preventing them from attacking military forces.
Keywords: border security, unmanned combat aerial vehicles, intelligence surveillance and reconnaissance, 
counterterrorism, air-to-ground attack, simulation, agent based modeling, design of experiment
EFFECTIVENESS OF UNMANNED SURFACE VEHICLES IN ANTI-SUBMARINE 
WARFARE WITH THE GOAL OF PROTECTING A HIGH VALUE UNIT
Salim Unlu–Lieutenant Junior Grade, Turkish Navy
Master of Science in Operations Research
Advisor: Thomas Lucas, Department of Operations Research
Second Reader: Jeffrey Kline, Department of Operations Research
Littoral anti-subMarine warfare (ASW) operations generally focus on deterring and eliminating enemy diesel-
electric subMarines from transit routes and protecting High Value Units (HVUs), such as amphibious warfare 
ships and logistics ships. In view of the ASW challenges in the littorals, it is critical to establish and main-
tain a highly effective ASW capability. The ASW techniques that we use today are mostly effective, but it is 
important to explore new technologies and techniques—such as potential unmanned surface vehicle (USV) 
solutions. This study uses an agent-based simulation platform known as Map Aware Non-Uniform Automata 
(MANA) to model the ASW effectiveness of USVs with the goal of protecting a HVU. The effectiveness of 
an ASW screen formation is measured by the proportion of successful classifications. The results are analyzed 
using comparison methods, stepwise linear regression, and regression trees. It is found from nearly 390,000 
simulated ASW missions that when helicopters are replaced with USVs, which have the same sensor type and 
capability, they can provide the same classification effectiveness in an ASW screen formation. The analysis 
also shows that the most significant characteristic of USVs is the classification range of their dipping sonar.
Keywords: agent based modeling, anti-submarine warfare (ASW), effectiveness, tactics, unmanned surface 
vehicle (USV), simulation, design of experiments (DoE), naval convoy operation, Map Aware Non-Uniform 
Automata (MANA), high value unit (HVU), protection of High V
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POWER CONDITIONING FOR MEMS-BASED WASTE 
VIBRATIONAL ENERGY HARVESTER
Seyfullah Emen–Lieutenant Junior Grade, Turkish Navy
Master of Science in Physics
Advisor: Dragoslav Grbovic, Department of Physics
Co-Advisor: Sherif Michael, Department of Electrical and Computer Engineering
Increasing energy needs push industry to build more sustainable and efficient systems. One of the methods to 
achieve energy efficiency is to feed wasted energy generated by a system itself during operation back to the sys-
tem. Vibrational energy is one of the most common ambient energy forms in mechanical systems and can be 
converted into electrical energy with the implementation of piezoelectric energy harvesters. What makes this 
possible is the piezoelectric effect that some crystals and ceramics with no inversion symmetry show. Piezo-
electric materials generate a potential difference when a force is applied and deform under an electric field. 
Power electronics is used to turn this potential into a usable energy. The amount of power generated by a single 
piezoelectric energy harvester could be very low, but Microelectromechanical Systems (MEMS) technology 
makes it possible to have thousands of devices in a very small area. Previously, a MEMS-based piezoelectric 
harvester for military applications was designed, developed, and tested at NPS. In this thesis, methods to 
convert the AC voltage output of this device into a DC voltage were investigated to find an efficient method. 
Because of their higher power needs, multiple devices need to be connected to achieve required power levels 
for military applications. Microfabrication processes allow for building large number of such devices at the 
same time. This thesis also studies the possible connections for an array of devices. Connection geometry that 
will produce the maximum power output for a number of devices is proposed.
Keywords: MEMS, waste energy harvesting, piezoelectric, power conditioning, piezoelectric energy harvester
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MASTER OF SCIENCE  
IN 
PROGRAM MANAGEMENT
COUNTERFEIT ELECTRONIC PARTS CONTROLS IN THE 
DEPARTMENT OF DEFENSE SUPPLY CHAIN
Joseph Russell
Master of Science in Program Management
Advisor: Brad Naegle, Graduate School of Business and Public Policy
Co-Advisor: Michael Boudreau, Graduate School of Business and Public Policy
Counterfeit electronic parts in the Department of Defense (DOD) supply chain undermine the operational 
readiness and performance of weapons systems, provide a competitive edge to adversaries, and put warfight-
ers at risk. Consumer demand for products containing integrated circuits has risen dramatically. Electronics 
manufacturers leverage overseas production to reduce cost. The loss of the domestic semiconductor industry 
and a variety of DOD acquisition policies contributed to an environment that introduces risk of foreign manu-
factured components of unverifiable pedigree into many DOD systems. Current policy and statutory controls 
are inadequate to stem the growth of counterfeit and nonconforming parts in the DOD supply chain. This 
Joint Applied Project considers the history and scope of the counterfeit parts issue and its contributing factors, 
and proposes a tiered solution to more effectively ensure the safety, quality, and specification conformance of 
integrated circuit components.
Keywords: counterfeit parts, integrated circuits, supply chain risk management
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BENEFITS OF A SPACE-BASED GROUP SYSTEM ARCHITECTURE
Brandon Colvin–Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: Charles Racoosin, Space Systems Academic Group
Co-Advisor: William Welch, Department of Information Sciences
The volatility in today’s economics has resulted in government attempts to reduce cost while maintaining 
performance. One of the elements examined by the Defense Advanced Research Projects Agency was the idea 
of fractionating a current monolithic satellite system into several smaller, space-based group (SBG) satellites. 
This architecture would allow for multiple, smaller, and less expensive satellites to work together to accom-
plish the several missions. This study focused on research and analysis of the system FireSat. The analysis 
removed the ground communications suite from the sensor platform. A Microsoft Excel spreadsheet was used 
to develop the resulting cost relation for the sensor-only satellite. Using assumptions provided by that analysis, 
three additional systems, currently in operation, were examined for cost savings if placed into the SBG. The 
Tracking and Data Relay Satellite was used as a basis for cost of a communications satellite. The cost analysis 
resulted in an estimated $52 million FY15 to the space segments alone. Additional research is required to 
determine cost savings within the full architecture and develop a risk-cost analysis to determine whether cost 
could be further reduced due to higher reliability, lower replacement cost risk, and longer lifetimes.
Keywords: satellite, fractionated, space-based group, space system
FIGHTING IN A CONTESTED SPACE ENVIRONMENT: TRAINING MARINES FOR 
OPERATIONS WITH DEGRADED OR DENIED SPACE-ENABLED CAPABILITIES
David Garcia–Captain, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: Al Scott, Department of Mechanical and Aerospace Engineering
Second Reader: Joseph Horvath, United States Marine Corps, HQMC/PP&O/PLI
Space is an increasingly congested, contested and competitive environment. At the same time, the Marine 
Corps is becoming increasingly reliant on the capabilities space-based assets provide. This includes each of 
the space force enhancement capabilities, but particularly satellite-based voice and data communication; po-
sition, navigation, and timing information; and battlefield intelligence. Space capabilities are vulnerable to 
both space-based and terrestrial-based countermeasures. This study was conducted to determine the extent 
to which the Marine Corps educates and trains warfighters to operate in a battlefield where space-centric 
enabling capabilities are degraded or denied. The study surveyed the systems and capabilities on which the 
Marine Corps relies in order to enhance its execution of the highly dynamic range of military operations as 
well as the threats to those systems and capabilities. Furthermore, the study examined to what levels and ex-
tent related training and education should take place, and which venues would best host that training. Based 
on the analysis, this thesis recommends leveraging internal Marine Corps expertise, increasing integration of 
space-related education and training into schoolhouse curricula and training exercises, and leveraging joint 





space expertise and resources to enhance Marine Corps readiness to excel in a contested space operational 
environment.
Keywords: space, contested, degradation, denial, training, Marine Corps
INTEGRATING SPACE SYSTEMS OPERATIONS AT THE 
MARINE EXPEDITIONARY FORCE LEVEL
Robert Garcia–Captain, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: Charles Racoosin, Space Systems Academic Group
Second Reader: Jonathan Matey, Space Systems Academic Group
The Marine Corps is the nation’s expeditionary force in readiness and is ready to act in any capacity, at any 
time, and any place. A critical enabler to the success of the Marine Corps against technologically advanced 
adversaries in remote, austere environments, is the ability to effectively exploit space-based capabilities to 
maximize the operational effectiveness of the force. To this end, the Marine Corps has invested in a number 
of tactical space-trained personnel but has not yet fully begun to integrate space operations into Marine Ex-
peditionary Force training, exercises, and deployments. This thesis reveals how dependent the Marine Corps 
is on space-based capabilities and reviews the current methods by which each Marine Expeditionary Force 
integrates space into day-to-day operations. This study finds that current progress is hindered due to a poor 
understanding among staff members of what space can bring to the fight, a non-standardized organizational 
structure within the Fires and Effects Coordination Center, the absence of uniform space training and as-
sessment criteria, sparse equipment, and a critical lack of dedicated space-trained personnel to help plan for, 
train to, and exploit space-based capabilities. Recommendations are presented to mitigate these gaps and make 
better use of a critical capability.
Keywords: Marine Expeditionary Force, MEF, space systems operations, expeditionary force, space force 
enhancement
METAMATERIAL ABSORBERS FOR MICROWAVE DETECTION
Michael McMahan–Lieutenant Colonel, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: Dragoslav Grbovic, Department of Physics
Co-Advisor: Richard Olsen, Department of Physics
The development of high-power microwave weapons and dependence on electronics in modern weapon sys-
tems presents a high-power microwave weapons threat in future military conflicts. This study experimentally 
determines the absorption characteristics of simple metamaterial devices to potentially be used as protection 
and identification mechanisms, constructed through standard printed circuit board manufacturing processes, 
in the microwave region. Experimental results and analysis techniques are presented confirming absorption 
peaks in the anticipated microwave frequency range. The experimental results are compared to a finite-element 
model of these metamaterials confirming the ability to accurately model and predict absorption characteristics 
of similar metamaterial structures. Utilization of the absorption characteristics of these types of metamaterial 
structures to develop a microwave detector and/or equipment shielding is discussed. Several applications for 
such type of a detector are presented.
Keywords: metamaterials, metamaterial absorbers, metamaterial detectors
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USE OF COMMERCIAL IMAGERY CAPABILITIES IN 
SUPPORT OF MARITIME DOMAIN AWARENESS
Adam Ochs–Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: Alan Scott, Department of Mechanical and Aerospace Engineering
Second Reader: Stephen Tackett, Space Systems Academic Group
Maritime domain awareness (MDA) is a concern for all maritime countries. To know when ships are ap-
proaching their shores and what threats and hazards are forthcoming, MDA is imperative for protecting the 
homeland and its citizens. As technology has improved in the world of commercial satellite imagery, those 
who perform MDA have realized they can utilize these capabilities to improve their common operational 
picture. As satellites continue to improve, it is more feasible to utilize their products within operations centers 
at the operational and even tactical level. With the added benefit that this imagery is unclassified and sharable, 
and with the United States’ desire for coalitions and sharing with partners, commercial satellite imagery is 
moving into the forethought of many decision makers. This research focuses on current operating procedures 
for MDA, the capabilities and limitations of today’s commercial imaging satellites, and what ground stations 
are available to assist in the use of combatant commander-controlled tasking. Two major demonstrations of 
the use of commercial satellite imagery for MDA in this thesis provide lessons learned to be applied to future 
architectures and ways forward.
Keywords: commercial imagery, maritime domain awareness, MDA, common operating picture, COP, SAR 
imagery, radiant Polaris, polar epsilon, dark targets
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SURVIVABILITY AS A TOOL FOR EVALUATING OPEN SOURCE SOFTWARE
David Cummings–Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Timothy Chung, Department of Systems Engineering
Second Reader: Rama Gehris, Department of Systems Engineering
This thesis explores the application of traditional survivability analysis to the open source software (OSS) 
development process. It postulates that combat systems face potential threats from cyber warfare profession-
als aiming to manipulate software embedded in the systems. The research highlights current Department of 
Defense (DOD) interest in OSS, and explains a method for evaluating the capability of OSS programs to 
withstand cyber warfare attacks. Survivability concepts are demonstrated in a scenario involving an adversary 
inserting malicious code into the source repository of FlightGear, an open source flight simulator. Analysis is 
conducted on five open source programs to illustrate commonality in the evaluation process. It is determined 
that survivability analysis is a feasible method for OSS software evaluation, and could be used as a tool to 
compare OSS alternatives.
Keywords: software, survivability, open source software, unmanned aerial vehicle
A DETERMINATION OF THE RISK OF INTENTIONAL AND UNINTENTIONAL 
ELECTROMAGNETIC RADIATION EMITTERS DEGRADING INSTALLED 
COMPONENTS IN CLOSED ELECTROMAGNETIC ENVIRONMENTS
Jared Johnson–Lieutenant Commander, United States Navy
Master of Science in Systems Engineering
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Gregory Miller, Department of Systems Engineering
This report proposes a method of risk determination that incorporates a loss function and a probability func-
tion in order to better enable decision makers in determining the risk of implementing wireless technologies in 
reverberant enclosed spaces that contain sensitive installed components. There is a constant desire to include 
new technology into the systems being designed to operate onboard U.S. Naval vessels. One of these technolo-
gies is wireless communications. This technology relies on the use of the electromagnetic spectrum in order 
to transfer information from one point to another. This type of information transfer can be advantageous 
in various applications. Exposing sensitive electronic components to a time-varying electromagnetic field 
increases the risk of an electronic upset in those components that will degrade the functionality of installed 
systems. This risk determination should provide a way to weigh the risk of introducing wireless technologies 
in enclosed spaces. This risk determination relies on the assumption that at some point there will be enough 
The following capstone project reports were produced by cohorts of residential or distance learning 
students in the systems-engineering curriculum. The degrees awarded include Masters of Science in 
Systems Engineering, Systems Engineering Management, and Systems Engineering Analysis.
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data collected to properly determine the overall risk to at-risk equipment. Until that occurs, incorporating new 
methods of shielding and low power technologies is recommended.
Keywords: systems engineering, wireless, risk, electromagnetic, enclosed
APPLYING A SYSTEM-OF-SYSTEMS ENGINEERING PERSPECTIVE 
TO CURRENT AND FUTURE ARMY ACQUISITIONS
Chike Robertson–Major, United States Army
Master of Science in Systems Engineering
Advisor: Ronald Giachetti, Department of Systems Engineering
Second Reader: Kristin Giammarco, Department of Systems Engineering
This study uses core elements of the system-of-systems (SoS) engineering process to obtain lessons learned, 
which are then used to recommend process and organizational changes to facilitate an SoS approach to cur-
rent and future U.S. Army acquisitions. The study finds that an SoS approach is necessary to accommodate 
the capability-based process that drives the Army acquisition system. Recommendations include incorporating 
SoS engineers in the Joint Capabilities Integration Development System process to build and standardize SoS 
architectures; using a chief integration officer throughout the SoS life cycle to provide expertise on integration 
and interoperability; and establishing guidelines for integrated product teams and lead system integrators. The 
SoS acquisition approach will also benefit from capability portfolio managers using consolidated funding as 
opposed to the current stove-piped funding. The SoS wave model can be incorporated in the operation and 
support phase to support iterative SoS evolution. The Army acknowledges that many current systems are, or 
have the potential to be, part of an SoS environment; however, the current acquisition processes and organi-
zational structure are based on stand-alone system acquisitions. The recommendations of this study describe 
how the Army can support SoS acquisition.
Keywords: system-of-systems, systems engineering, army acquisition, capabilities
CONDUCTING EXPEDITIONARY OPERATIONS IN THE CONTESTED LITTORALS
Cohort SEA 21B, Team Gator
Master of Science in Systems Engineering
Advisor: Gary Langford
The United States armed services have identified capability gaps in the areas of company-sized raid and sus-
tainment operations in contested littoral environments. Multiple joint platform packages can be employed to 
provide the required mission capabilities to fill the gap. This thesis identifies the operational, functional, and 
physical architecture and effectiveness of mission packages necessary to provide capabilities associated with 
littoral sustainment operations. Physical architecture configurations are evaluated using discrete event model-
ing. Cost and performance estimates for the mission packages are presented in order to provide the decision 
maker tools for identifying which alternative provides the most cost-effective solution for the needs of a 
scenario’s stakeholders. This thesis report concludes by identifying potential assets that would provide cost-
effective support of littoral operations. Feasible alternatives provide varying levels of effectiveness in terms of 
average deployment time and percentage of threats successfully affected.
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ORGANIC OVER-THE-HORIZON TARGETING FOR THE 2025 SURFACE FLEET
SEA Cohort 21, Team Alpha
Master of Science in Systems Engineering Analysis
Advisor: Timothy Chung, Department of Systems Engineering
Adversarial advances in the proliferation of anti-access/area-denial (A2/AD) techniques requires an innova-
tive approach to the design of a maritime system of systems capable of detecting, classifying, and engaging tar-
gets in support of organic over-the-horizon (OTH) tactical offensive operations in the 2025–2030 timeframe. 
Using a systems engineering approach, this study considers manned and unmanned systems in an effort to 
develop an organic OTH targeting capability for U.S. Navy surface force structures of the future. Key attri-
butes of this study include overall system requirements, limitations, operating area considerations, and issues 
of interoperability and compatibility. Multiple alternative system architectures are considered and analyzed for 
feasibility. The candidate architectures include such systems as unmanned aerial vehicles (UAVs), as well as 
prepositioned undersea and low-observable surface sensor and communication networks. These unmanned 
systems are expected to operate with high levels of autonomy and should be designed to provide or enhance 
surface warfare OTH targeting capabilities using emerging extended-range surface-to-surface weapons. This 
report presents the progress and results of the SEA-21A capstone project with the recommendation that the 
U.S. Navy explore the use of modestly-sized, network-centric UAVs to enhance the U.S. Navy’s ability to con-
duct surface-based OTH tactical offensive operations by 2025.
Keywords: maritime ISR, distributed lethality, surface warfare, surface action group, organic over-the-horizon 
targeting, 2025
STUDY OF SOFTWARE TOOLS TO SUPPORT SYSTEMS ENGINEERING MANAGEMENT
Peter Shchupak–Space and Naval Warfare Systems Center Pacific
Master of Science in Systems Engineering Management
Advisor: Charles Pickar, Graduate School of Business and Public Policy
Second Reader: Paul Shebalin, Department of Systems Engineering
According to a 2010 Government Accountability Office (GAO) report, major system acquisitions within the 
Department of Defense (DOD) tend to be behind schedule, over budget, and often fail to deliver at least some 
of the planned capabilities. One area that can significantly contribute to successful implementation of systems 
engineering is the regular usage of management software tools and their continued evolution to better meet 
systems engineering needs. This thesis provides a detailed exploration of four categories of available system 
engineering management tools: Model-Based Systems Engineering (MBSE), Product Life Cycle Management 
(PLM), Systems Engineering Environment (SEE), and Project Management software. Each tool has numer-
ous features that support successful systems engineering. However, there does not seem to be a consolidated 
commercially available tool or system that allows for seamless management of systems engineering projects 
across all of the process areas. Drawing upon these existing tools and the International Council on Systems 
Engineering (INCOSE) processes, this thesis derives a set of requirements for such a consolidated systems 
engineering management tool. This research can serve as the starting point for a follow-on effort to develop 
such a tool.
Keywords: systems engineering management, systems engineering processes, Model-Based Systems Engi-




MARINE CORPS IT HARDWARE: A METHOD FOR CATEGORIZING 
AND DETERMINING TECHNOLOGY REFRESHMENT CYCLES
Jerry Peacock–Captain, United States Marine Corps
Master of Science in Systems Technology (Command, Control & Communications)
Advisor: Dan Nussbaum, Department of Operations Research
Co-Advisor: Neil Rowe, Department of Computer Science
Second Reader: Steve Iatrou, Department of Information Sciences
Management of information technology (IT) assets within an enterprise is necessary to control organizational 
costs and ensure that the necessary business requirements are supported. For over 10 years, the Navy Marine 
Corps Intranet (NMCI) was charged with this task in Navy and Marine Corps IT systems. With the expira-
tion of the NMCI contract, the Marine Corps is now managing its own IT assets. To understand the scope 
of IT assets to enable better management, this research explores items accounted for within the master data 
repository, which is aiding in the migration of legacy logistics systems to GCSS-MC. These items and their 
associated costs are divided into categories to provide a baseline view of Marine Corps IT hardware assets. An 
equivalent annual cost is applied to assets to suggest a refreshment cycle for laptops, desktops, and servers. 
This demonstrates a method that can provide IT managers with a means of determining when an asset should 
be refreshed.
Keywords: information technology, information technology management, technology refreshment, informa-
tion systems, equivalent annual cost
ADOPTING CLOUD COMPUTING IN THE PAKISTAN NAVY
This paper has been recognized as outstanding by its department.
Tahir Asim–Lieutenant Commander, Pakistan Navy
Master of Science in Systems Technology (Command, Control & Communications) 
and Master of Science in Information Operations
Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Dorothy Denning, Department of Defense Analysis
Pakistan’s proximity to the Strait of Hormuz, through which millions of barrels of oil is shipped per day, 
makes it a gateway to Central Asian countries. The Pakistan coastline stretches to almost 1,000 kilometers 
and has an exclusive economic zone of 290,000 km2. As a flag bearer of protecting the country’s sea lines of 
communication and safeguarding its maritime territories, the Pakistan Navy is in the continuous process of 
modernization. Although a robust command and control structure exists for the accomplishment of peace-
time and wartime objectives, there is still a need to adopt up-to-date procedures that can ensure the two-way 
exchange of information in near real-time and provide access to information from anywhere around the globe. 
This thesis explores the peculiarities of cloud computing and its potential utility to the Pakistan Navy. After 
an in-depth analysis of the country’s information technology environment, the scope and utility of cloud 
computing in the country, and the U.S. Department of Defense, the U.S. Navy, and the National Institute of 





Standards and Technology cloud architectures, a framework has been laid out for adopting cloud computing 
in the Pakistan Navy.
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